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ABSTRACT
Success in new product development (NPD) offers a competitive and comparative 
advantage in the marketplace. A primary objective in an NPD project is to launch world 
class products with minimal risk. To deliver the superior quality and performance 
customers require, a company must develop the right NPD structure and framework for 
seamless execution by the NPD project teams throughout the product lifecycle. Companies 
must understand how to identify and mitigate risk to enable the success of their NPD 
projects. The costs to develop new products are often a considerable portion of an 
organization’s budget; however, studies have shown only 60 percent of new products 
making it to the market are commercially successful. Therefore, NPD project teams need 
to have a risk mitigation strategy, methodology, or framework to help with the 
identification and mitigation of risks in the product development process. This research 
conducted a systematic literature review to document the current research in the 
development of a risk mitigation framework tied to critical success factors (CSFs) that can 
be applied in the NPD process. The purpose of this research was to 1) determine the top 
CSFs that enable successful NPD through a worldwide multi-industry survey and 2) 
develop an NPD framework to mitigate risk. The survey responses were analyzed using 
the Kruskal-Wallis non-parametric statistical analysis to determine statistical differences 
in the CSFs based on rank. The top CSFs were then grouped to provide a conceptual high- 
level view for managers to consider when developing or continuously improving their NPD 
execution structure, methods, and processes. An NPD framework was proposed based on 
the CSFs in order to mitigate risk.
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1. INTRODUCTION
New product development (NPD) includes all of the activities a company must 
execute to develop a market opportunity or an innovation into a product that is ready to be 
sold in the marketplace. To offer a competitive and comparative advantage companies must 
launch world class products to meet the customer’s needs in terms of performance, quality, 
time, profitability, and value by consistently executing the NPD process. The seamless and 
repeatable execution of NPD is becoming more challenging and complex given the 
advancements in technology, ever-changing competitive landscape, continuous evolution 
of customer requirements, increasing number of lifecycle considerations, pressures to 
increase speed and optimize cost, need to effectively manage multi-factor trade-off 
decisions, and presence of a global marketplace. Regardless of the challenges involved, 
customers expect the realized products from NPD to deliver superior quality and 
performance that is reliable over the product life.
In industry today, there is a wide range of reliability when a product is launched 
into the global marketplace ranging from low to high failure rates. Launch spikes and high 
failure rates lead to customer dissatisfaction and negative brand image. A study conducted 
by Cooper et al. (2004a) reported that, on average, 60.2 percent of the NPD projects are 
commercially successful with the bottom and top 20 percent of the businesses studied 
having 37.6 and 79.5 percent commercially successful projects, respectively. The study 
also reported an average of 19 percent of NPD projects were stopped prior to launch with 
the bottom and top 20 percent of the businesses studied having 25.7 and 4.3 percent of the 
NPD projects stopped prior to launch, respectively. These metrics clearly demonstrate the
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variation that exists in industry relative to NPD performance and opportunity for managers 
to understand the critical success factors (CSFs) and resulting risk mitigations that enable 
NPD project success.
Cooper et al. (2004a) also reported that, on average, 28% of a company’s revenue 
comes from new products. The National Science Foundation (NSF) reported the total 
global research and development (R&D) expenditure increased threefold between 2000 
and 2017 from $722 billion to $2.2 trillion (NSF, 2020). Due to the revenue generated by 
NPD, increasing investment in R&D, and cost to develop new products, companies must 
focus time and resources to improve the success rate by developing or continuously 
improving their NPD process.
Studies have also shown the overall understanding and support of the NPD process 
is lacking with only 27.9 percent of companies stating their organization understands and 
supports the NPD process (Cooper, 2004a). In addition, only 40.2 percent of companies 
report their senior management understands the NPD process and their roles and 
responsibilities. Hence, companies must focus time and resources to improve the 
organizational understanding and support of the NPD process.
Walsh (1972) emphasized the need for both a methodical and practical approach 
for successful product development by providing not only a well-organized and planned 
framework but also one that is flexible and responsive. The framework must be 
comprehensive and able to identify and mitigate risks for the success of the company’s 
NPD projects. The first paper in this research focused on a systematic literature review to 
investigate risk mitigation methods tied to critical success factors in NPD. This work
3
provided the gap analysis in the body of knowledge and identified an opportunity for future 
research that ties NPD CSFs to risk mitigation methods.
In developing a robust NPD framework, there are many areas to consider. It is 
important for companies to focus on the most impactful success factors. The second paper 
reviewed the literature on CSFs in NPD, conducted a worldwide multi-industry survey, 
and determined the high-ranked CSFs enabling successful NPD. In addition, the 
organization must consider the right risk mitigation strategy, methodology, or framework 
to identify and mitigate the risks in the overall execution of the NPD process. Chauhan et 
al. (2018) stated, “risk management plays a major role in enabling the success of the 
product development process in an organization” (p. 85). To win in NPD an organization 
must be proactive and ensure the overall NPD process execution has the right risk 
mitigation strategies in place with focus on the most important success factors. The third 
paper built upon the CSF research findings, conducted a literature review of risk mitigation 
strategies and methods for the top CSFs, and developed an NPD framework to mitigate 
risk for each CSF grouping. The framework focused on the front to end execution of the 
NPD process as well as the supporting elements to provide the foundation for effective and 
efficient NPD execution. The framework consolidated the knowledge spread throughout 
many scholarly journals into a single framework supported by the top CSFs found in the 
prior research. The framework can be used as a guide for managers to develop and 
continuously improve their NPD execution structure, methods, and processes and increase 
the odds of successful delivery of a new product to the market with more robust, repeatable,
and successful NPD execution.
4
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I. CRITICAL SUCCESS FACTORS TIED TO RISK MITIGATION 
METHODOLOGY IN NEW PRODUCT DEVELOPMENT
Rodney A. Ewing, Elizabeth A. Cudney 
Department o f Engineering Management and Systems Engineering,
Missouri University o f Science and Technology, Rolla, MO 65409, USA
ABSTRACT
A primary obj ective in a new product development (NPD) proj ect is to launch world 
class products with minimal risk. Companies must understand how to identify and mitigate 
risk to enable the success of their NPD projects. NPD project teams need to have a risk 
mitigation strategy, methodology, or framework to help with the identification and 
mitigation of risks in the product development process. This research conducted a 
systematic literature review to document the current research in the development of a 
repeatable method for risk mitigation tied to critical success factors that can be applied in 
the NPD process. Current research focuses on either “risk mitigation” or “critical success 
factors” or has substantial limitations to a single NPD element, a single industry, a single 
country, a single company, a single NPD project type or a single NPD product type. The 
objective of this paper is to summarize the existing references that focus on “risk 
mitigation” tied to “critical success factors” and to identify the opportunity for research in
this area to enable successful NPD.
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1. INTRODUCTION
Companies use NPD to develop a market opportunity into a product that can be 
sold. NPD teams balance the voice of customer, voice of business, and voice of technology 
to make decisions during the product development process. These voices drive key 
decisions on product architecture and design that generate risks in the NPD effort. The 
challenge for companies is to balance these voices while minimizing the risk to the end 
customer. The NPD team must execute the correct actions to mitigate these risks during 
the development process to commercialize the selected product architecture. Risk 
mitigation is critical to improve reliability and develop products that are commercially 
successful.
In industry today there is a wide range of reliability when a product is launched into 
the global marketplace ranging from low to high failure rates. Launch spikes and high 
failure rates lead to customer dissatisfaction and to a negative brand image. Cooper et al. 
(2004) reported that only 60.2 percent of NPD projects surveyed were commercially 
successful and 19 percent were stopped prior to launch. The study also reported that on 
average 28% of a company’s revenue comes from new products. Thus, it is important for 
companies to understand the critical success factors that lead to successfully launched NPD 
projects and to a more reliable product over the product lifecycle.
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Walsh (1972) emphasized the need for both a methodical and practical approach 
for successful product development by providing not only a well-organized and planned 
framework but also one that is flexible and responsive. This paper focuses on a systematic 
literature review to investigate risk mitigation methods tied to critical success factors in 
NPD. This work will provide the gap analysis in the body of knowledge and identify an 
opportunity for future research that ties NPD critical success factors to risk mitigation 
methods.
2. SYSTEMATIC LITERATURE REVIEW METHODOLOGY
The methodology used for this literature review was similar to the methodology 
outlined by Tranfield et al. (2003) and Brereton et al. (2007). The systematic literature 
review approach has been applied in quality maturity (Kush et al., 2018), education 
(Cudney et al., 2018), and healthcare (Materla et al., 2017) related research. The 
methodology focused on three stages including planning the review, conducting the review, 
and reporting and dissemination. The systematic literature review methodology can be 
found in Figure 1.
The research goals and objectives for this systematic literature review were to 
understand the extent of current research on repeatable NPD methods for risk mitigation 
tied to critical success factors. The systematic review included the keywords “new product 
development”, “success factors”, and “risk” . Relevant databases in the systematic literature 
review were chosen based on the relevancy of the publications to this paper’s topics such 
as ABI/Inform, Scopus, and Business Source Premier. The search focused on peer
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Planning the Review
Step 1: Identify the research goals and objectives.
The research goals and objectives for this systematic literature review was to 
understand the extent of current research on sustainable NPD methods for risk 
mitigation tied to critical success factors.
Step 2: Identify the keyword search terms.
“New Product Development” and “Success Factors” and “Risk”
Step 3: Identify the relevant databases.
ABI/Inform, Scopus, and Business Source Premier
*
Conducting the Review
Search the databases for peer reviewed journal articles.
33 search results
Review the title and abstract to eliminate references based on title, 
abstract, foreign language, or duplication. References that were not in the 
scope of the research goal and objectives were excluded.
23 search results carried forward
Detailed review of each reference to eliminate references that were not 
related to the overall scope of this research. References that were not in 
the scope of the research goal and objectives were excluded.
20 search results carried forward
J-
Reporting and Dissemination
Step 7: Categorize / group the references.




Figure 1. Systematic Literature Review Methodology
reviewed articles from scholarly journals that were published in English. A time frame was
not used to narrow the search.
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The initial keyword search of the three databases resulted in 33 results. After 
reviewing the title and abstract 10 references were removed based on title, abstract, foreign 
language, or duplication. After a detailed review of the remaining references three 
additional results were eliminated based on the criteria in the planning stage of the 
systematic review process. As a result, 20 search results were carried forward in the 
literature review analysis.
3. LITERATURE REVIEW ON THE SUCCESS FACTORS AND RISK IN NPD
In order to understand the extent of current research on repeatable NPD methods 
for risk mitigation tied to critical success factors a search of papers was performed. In 
reviewing the papers, several key themes emerged including management and best 
practices and success factors. The literature is presented chronologically based on theme.
3.1. MANAGEMENT
The role of management in NPD efforts is critical for success. Management within 
NPD takes many forms, including leadership, strategic management, and risk management. 
Pierz (1995) developed a framework for evaluating NPD spending by analyzing the work 
of a team at Ameritech advertising services as part of an NPD redesign effort. The 
framework was based on nine key factors, which were identified from both financial and 
NPD literature as important for evaluating NPD budgets within an organization. The 
methodology proposed aided senior leadership in benchmarking and aligning the NPD 
spending with the company's strategic initiatives. Rather than focusing on individual
9
project budgets, senior leadership focused on the strategic and competitive issues being 
addressed in the NPD efforts.
Ragatz et al. (1997) developed an explanatory model for successful integration in 
NPD based on the analysis of survey responses from 83 companies. The survey questions 
focused on management practices as well as supplier integration in NPD. The research 
found that effective integration of suppliers into NPD leads to many benefits including 
reduced cost of purchased material, improved quality of purchased material, reduced NPD 
cycle time, improved access to technology, and improved application of technology. 
Partnering with the supply base can allow a company to guide the supplier's technical and 
manufacturing experts as they make critical decisions for the product being developed. 
This ultimately can lead to better designs in terms of meeting the requirements.
Management must also oversee the strategic selection of NPD portfolios. Chen et 
al. (2007) investigated the prioritization and mix of NPD projects within a company in 
efforts to produce a competitive and comparative advantage in the marketplace. Three main 
criteria for NPD selection were developed, which were further broken down into 37 critical 
success factors. Analytic Hierarchy Process (AHP) was used as a mathematical means to 
organize and analyze complex decisions for NPD project mix through seeking expert 
opinions. The proposed model was applied in a home appliance company in China. The 
results conveyed that using the model can help the company develop a more operationally 
excellent mix of NPD projects.
Identification and management of concurrent engineering risks is critical to 
effectively manage NPD project resources. Kayis et al. (2007) developed a risk 
management web-based tool called Intelligent Risk Mapping and Assessment System
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(IRMAS) for multi-site, multi-partner NPD projects. The user requirements were defined 
by project managers of an aerospace company. The tool focused on four development 
stages including context definition as well as risk identification, analysis, and mitigation. 
The tool can be used by NPD project management to identify, prioritize, and manage 
concurrent engineering risks. The tool provides a foundation for the decision-making 
process by allowing the NPD team to store, share, update, and retrieve knowledge and by 
promoting knowledge reuse to minimize risks based on the lessons learned of previous 
NPD projects. Risk sharing partnerships in NPD was the focus of a study by Figueiredo et 
al. (2008). A case study was conducted with Embraer's NPD of its ERJ-170/190 family of 
products including a total of 16 risk sharing partnerships. The key findings conveyed the 
importance of supplier partnerships in NPD to reduce risk by sharing investments and 
leveraging supplier core technical and manufacturing competence.
The managerial factors that influence the success of NPD were investigated by 
Sedighadeli et al. (2013). Six success factors and 20 key performance indicators were first 
developed based on a literature review and interviews with 12 people from Iranian 
organizations including top managers, scholars, and policy makers. A Likert scale survey 
was then conducted with 163 respondents to further quantify the success factors. The 
survey results confirmed the top managerial factors included commitment, regulatory 
focus, entrepreneurial orientation, social capital, international orientation, and future 
studies. Similarly, Eggers et al. (2017) investigated critical success factors for identifying 
the 'right' supplier for module developments. A structured interview was conducted with 
the purchasing and engineering functions of multinational companies producing four- 
wheel vehicle industries. A supplier role framework was proposed based on technical and
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performance competence as well as an understanding of the technical, organizational, and 
relationship success factors for supplier identification for module developments. In 
addition, Roy et al. (2018) focused on the impact of management actions on NPD success 
in Indian manufacturing companies. A seven-point Likert scale survey of 263 respondents 
was used to collect the data, which was analyzed using structural equation modeling. The 
research resulted in a top management support framework including management actions 
leading to NPD success.
3.2. NPD BEST PRACTICES AND SUCCESS FACTORS
The majority of the literature focused on identifying best practices and success 
factors for NPD through a variety of research methodologies. For example, Littler et al. 
(1995) studied the success factors leading to successful collaboration in product 
development projects and developed a list of factors from literature contributing to 
collaborative product development (CPD). A survey was distributed to 300 information 
and communication technology companies in the United Kingdom. Full responses were 
received from 106 companies, which were used in the study. The survey confirmed the 
reasons for collaborating, the effect of collaboration, and the risks associated with 
collaborative product development. The research also identified the success factors leading 
to collaborative product development. Further, Khurana et al. (1997) studied the fuzzy front 
end of NPD. The research identified the foundational and project-specific elements 
important to the front end of NPD based on a literature search. Interviews were then 
conducted with 75 managers at 15 business units in 11 U.S., Japanese, and European
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companies to identify challenges and solutions using data from case studies. The key 
finding was a checklist for diagnosing the front-end process in NPD.
Lester (1998) focused on the critical success factors for NPD at Hoechst Corporate 
Research and Technology. Based on the analysis, 16 critical success factors were proposed 
for NPD that can be categorized into five areas, which include senior management 
commitment; organizational structure/process; innovative culture; adequate budget and 
resources; and good project management. In a similar yet larger study, Benedetto (1999) 
studied success factors in new product launch. A 10-point Likert scale survey was used to 
collect data based on the success factors found in literature. The response rate was 11.4% 
with 183 respondents from the Product Development and Management Association 
(PDMA). The survey analysis identified the success factors in new product launch with 
recommendations to management.
Critical success factors have been used to develop frameworks and approaches for 
NPD. For example, Poolton et al. (2000) developed an NPD framework based on 
comparative analysis and best practice knowledge, which were common themes found in 
literature. The framework involves using internal knowledge and expertise to diagnose, 
model, benchmark, and evaluate areas of improvement or risk in an NPD effort. Companies 
have also been analyzed to determine the factors for success to develop the frameworks. 
Cormican et al. (2004) studied eight companies that are highly engaged in product design 
and development. Interviews were conducted with senior management to gain an 
understanding of the company's product innovation process, identify strength and 
weaknesses of each process, and discuss improvement opportunities leading to a 
competitive advantage in the marketplace. The interview results were used to develop a
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best practice model for product innovation management as well as an assessment scorecard. 
The five key factors that emerged from the interviews included strategy and leadership; 
culture and climate; planning and selection; structure and performance; as well as 
communication and collaboration.
Similarly, Ulaga et al. (2011) studied success factors for development of a 
combination of goods and services (i.e. hybrid offerings). Two pilot case studies, one from 
the industrial gas sector and another from the material handling equipment industry, and 
13 interviews were conducted to understand the themes and issues related to this topic. A 
common thread focused on the resources and capabilities required when developing 
service-related products. Senior managers/decision makers in 22 manufacturing companies 
were then interviewed to further expand upon this emerging theme. The key finding was a 
resource and capability framework for successful development of hybrid offerings.
Success factors in new products was also investigated by Evanschitzky et al. 
(2012). The meta-analysis described in Henard et al. (2001) was expanded upon to include 
references from 1999 through 2011. The research noted that since 1999 there has been an 
increase in the research of NPD product and process characteristics. The analysis suggests 
that as managers learn and apply NPD success factors there is less potential for these 
success factors to create a competitive advantage. This analysis also conveyed the 
importance of national culture in establishing a competitive advantage in product 
innovation and indicated that culture should be an area of future research. CPD was 
researched by Buyukozkan et al. (2012). A literature review on CPD from 1993 to 2009 
was discussed along with its limitations, which was then used as a basis to provide future
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research directions on this topic to present a CPD framework that captured the key findings 
from the literature review.
Many research studies addressed specific industry segments. For example, Sarja 
(2015) focused on the critical success factors for technology push projects using two meta­
analyses conducted by Samli and Weber (2000) and Bishop and Magleby (2004). Sarja 
concluded that the success factors identified in these two meta-analyses were very broad 
in nature. As a result, 13 success factors were proposed and defined to develop a survey 
framework to help firms understand the actions needed to reduce risk in NPD and help 
researchers when studying technology push project cases. In addition, Salgado et al. (2017) 
investigated the critical success factors for NPD in biotechnology companies in the state 
of Minas Gerais, Brazil. A questionnaire was sent to 31 biotechnology companies. The 
critical success factors for biotechnology were found to be related to top management, 
cross-functional interaction, and the leadership ability of the project leader in both 
communication and conflict management.
Research was also conducted from a broader perspective of best practices (i.e. 
methods, tools, and techniques) in NPD. Echeveste et al. (2017) conducted a survey of 346 
companies in Brazil to develop common NPD practices and problems. The key findings 
were a list of NPD problems and the associated best practice(s) that can be applied to 
mitigate the risk(s) associated with each problem.
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4. PRINCIPAL FINDINGS OF THE SYSTEMATIC LITERATURE REVIEW
The systematic literature review of current research on repeatable NPD methods 
for risk mitigation tied to critical success factors conveyed several findings. References in 
the systematic literature review have been published in this space since 1995 as shown in 
Figure 2. The publishing rate is slightly more than 1 per year, but not very consistent with 
some years not having a publication.





Figure 2. Number o f published papers by year
References in the systematic literature review cover a range of journals as shown 
in Figure 3. The published papers are not from a consistent journal. The Journal of Product 
Innovation Management published the most with five of the references, while the 
remainder of the journals published one or two on this topic.
16
Number of Published Papers by Journal
Engineering ManagementJoumal 
Expert Systems with Applications 
Journal of Marketing 
Production Planning & Control 
Research-Technology Management 
Sloan Management Review 
Technovation 
Concurrent Engineering 
International Journal of Innovation Manageme nt 
Journal of M anufacturing Technology Manageme nt 
Journal ofTechnology Management & Innovation 
Journal of Product Innovation Management
0 1 2 3 4 5
Figure 3. Number of published papers by journal
References in the systematic literature review cover a range of countries as shown 
in Figure 4. The countries cover five of the seven continents, including Europe, Asia, 
Australia, South America, and North America. The United States had the most published 
papers with a total of five and the United Kingdom was second with a total of three. Other 
countries published one or two papers. The systematic literature review indicates a global 
presence in the literature related to this area of research.
Figure 4. Number of published papers by country
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The 20 references conveyed key themes. O f these references, 12 focused on NPD 
best practices and success factors while eight focused on management related topics. As 
the themes were discussed each reference was classified as to the conclusion presented. 
Some references only discussed critical success factors while some discussed the success 
factors as well as a risk mitigation methodology or framework. Other references only 
focused on risk. Many limitations were noted in the systematic literature review and are 
discussed in Table 1, which summarizes the key findings.
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With respect to critical success factors there were seven references with no 
connection to a risk mitigation framework. Of these references three discussed success
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factors related to a single element of NPD. Littler et al. (1995), Figueiredo et al. (2008), 
and Sedighadeli et al. (2013) focused on collaboration, risk sharing partnerships, and 
managerial influences, respectively. Littler et al. (1995) had further limitations with a focus 
on information and communications technology companies in the United Kingdom. 
Figueiredo et al. (2008) had further limitations with a focus on a single company. 
Sedighadeli et al. (2013) had further limitations in that the surveys were only conducted 
with top managers of Iranian organizations. The remaining four references, Lester (1998), 
Benedetto (1999), Evanschitzky et al. (2012), and Salgado et al. (2017) discussed success 
factors related to multiple elements of NPD. Littler et al. (1995) had further limitations 
with a focus on a single company. Salgado et al. (2017) had further limitations with a focus 
on biotechnology companies in Minas Gerais, Brazil.
With respect to critical success factors, there were 11 references that presented a 
framework related to the factors discussed. Of these references, eight discussed success 
factors related to a single element of NPD. Pierz (1995) focused on a framework for helping 
project leaders with gaining senior leadership approval for NPD funding at a single 
company. Ragatz et al. (1997) focused on supplier integration. Khurana et al. (1997) 
focused on the front end of NPD. Poolton et al. (2000) focused on using internal knowledge 
and expertise to diagnose, model, benchmark, and evaluate areas of improvement of risk 
in NPD. Chen et al. (2007) focused on NPD project selection. Buyukozkan et al. (2012) 
focused on collaboration in NPD. Eggers et al. (2017) focused on identification of the 
‘right’ supplier for modular products. Roy et al. (2018) focused on managerial influences 
in Indian manufacturing companies only. The remaining three references discussed success 
factors related to multiple elements of NPD, but had further limitations. Cormican et al.
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(2004) focused on innovation management with input by only eight companies. Ulaga et 
al. (2011) developed a resource-capability framework for NPD, but only focused on 
manufacturers providing a combination of goods and services (i.e. hybrid offerings). Sarja 
(2015) focused on success factors for technology push projects.
With respect to risk mitigation in NPD, there were two references. Kayis et al. 
(2007) focused on the development of a risk management tool that can be used by a 
company to manage and document knowledge for NPD projects. The research did not focus 
on critical measurable success factors or a risk mitigation methodology. The focus is rather 
on development of a tool so that risks can be documented and retrieved to support the 
decision-making process. Echeveste et al. (2017) focused on best practices in NPD to 
mitigate risks associated with a list of NPD problems, but the methodology only included 
companies in Brazil.
5. CONCLUSION, FUTURE WORK, AND LIMITATIONS
The systematic literature review found some coverage on developing a repeatable 
risk mitigation methodology or framework enabling successful NPD. However, much of 
the literature in this space has limitations in developing a repeatable risk mitigation 
methodology or framework for NPD that is linked to critical success factors. Many research 
studies focus on either critical success factors or risk mitigation. Others identify a risk 
mitigation methodology or framework but are limited in scope to a single element of NPD. 
Further limitations include focus on a single industry, a single company, a single country, 
a single NPD project type, or a single NPD product type. These limitations do not allow
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for a comprehensive analysis enabling successful NPD and development of a framework 
that can be applied across many product development industries globally. Based on these 
conclusions there is a need for future research to develop a repeatable risk mitigation 
methodology that enables successful NPD that is tied to CSFs and validated worldwide 
across multiple industries.
This systematic literature review provides a comprehensive review of research 
studies published in the combined space of NPD, success factors, and risk. Some 
limitations in this systematic literature review can be observed. This literature review only 
considered papers published from relevant databases including ABI/Inform, Scopus, and 
Business Source Premier. This literature review only considered papers published in 
English. Research in other languages was excluded. It also is noted that only papers 
published in scholarly journals were considered. Research from other sources including 
books, dissertations, and grey literature were excluded.
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ABSTRACT
Success in new product development offers a competitive and comparative 
advantage in the marketplace. To deliver the superior quality and performance that 
customers require, a company must develop the right structure and framework within their 
organization such that their new product development proj ect teams can seamlessly execute 
throughout the product lifecycle. The costs to develop new products are often a 
considerable portion of an organization’s budget; however, studies have shown only 60 
percent of new products making it to the market are commercially successful. The purpose 
of this research was to determine the top critical success factors that enable successful new 
product development through a worldwide multi-industry survey. The survey responses 
were analyzed using the Kruskal-Wallis non-parametric statistical analysis to determine 
statistical differences in the critical success factors based on rank. The top critical success 
factors were then grouped to provide a conceptual high-level view for managers to consider 
when developing or continuously improving their new product development execution 
structure, methods, and processes.
Keywords
New Product Development, Success Factors, Kruskal-Wallis
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New product development (NPD) includes all of the activities a company must 
execute to develop a market opportunity or an innovation into a product that is ready to be 
sold in the marketplace. In today’s global economic and competitive ecosystem, NPD is 
challenging project teams to manage decisions with complex and multi-factor trade-offs 
while at the same time managing changes in customer expectations, the competitive 
landscape, advancements in technology and research and development (R&D), time to 
market and cost pressures, among other challenges. Regardless of the challenges involved, 
customers have an expectation that the realized products from NPD will deliver superior 
quality and performance that is reliable over the product life. Customer dissatisfaction and 
negative brand image result when NPD products have launch spikes or high failure rates 
in the marketplace. A study conducted by Cooper et al. (2004a) reported that, on average, 
60.2 percent of the NPD projects are commercially successful with the bottom and top 20 
percent of the businesses studied having 37.6 and 79.5 percent commercially successful 
projects, respectively. The study also reported that on average 19 percent of the NPD 
projects were stopped prior to launch with the bottom and top 20 percent of the businesses 
studied having 25.7 and 4.3 percent of the NPD projects stopped prior to launch, 
respectively. These metrics clearly demonstrate the variation that exists in industry relative 
to NPD performance and the opportunity for managers to understand the critical success 
factors (CSF) and resulting best practices that enable NPD project success.
This research reviewed the literature on CSFs in NPD and conducted a worldwide
1. INTRODUCTION
multi-industry survey to understand the top factors that enable NPD project success.
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Managers can use this research when developing or improving their NPD execution 
structure, methods, or processes. The conceptual high-level view will help guide 
companies to implement changes to better enable new product success in the marketplace 
and, hence, better enable commercial success and sustainability for their company.
2. REVIEW OF RELEVANT LITERATURE
In order to understand the extent of current research on CSFs in NPD, a review of 
the relevant literature was performed. The literature review was used to provide an input 
to the survey question development. The literature is summarized in chronological order.
The importance of companies in today’s marketplace to execute their NPD process 
with an emphasis on concurrent rather than sequential engineering is the focus of research 
by Takeuchi et al. (1986). Not only does high quality, low cost, and differentiation impact 
the ability for a company to succeed, but also the ability for a company to be fast and 
flexible. Management must set the environment. The research found that leading 
companies show six characteristics in managing their NPD process: self-organizing project 
teams, overlapping development phases, organizational transfer of learning, built-in 
instability, multi-learning, and subtle control. A case study is presented that provides 
several examples that demonstrate the importance of management setting challenging goals 
and allowing the cross-functional project team flexibility to become self-organizing and 
set its own direction. Management must establish checkpoints to help guide the team 
strategically in the right direction and promote creativity, innovation, and spontaneity on 
the NPD concurrent engineering team. Management must also understand that product
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development is an iterative process and very dynamic. Subtle control by management is 
exercised in the NPD process in seven ways: selecting the right project team to create the 
right dynamics, creating a work environment that is open, encouraging engineers to visit 
customers and gather their voices, establishing an evaluation process to reward the team 
for their performance, engaging the NPD team at the right time in the NPD process, 
accepting that mistakes are inevitable, and encouraging supplier engagement early in the 
NPD process. The importance of transferring learning and institutionalizing the lessons 
derived from past projects are also discussed.
Leonard-Barton (1992) discusses the interaction between a company’s core 
capabilities and its NPD projects. Core capabilities are those capabilities that are 
institutionalized and fixed in the knowledge set of the company. A capability is considered 
core if it differentiates a company strategically. In this research, core capability is classified 
into four dimensions: 1) knowledge and skills, 2) technical systems, 3) managerial systems, 
and 4) values and norms. These four dimensions and the interaction of product/process 
development projects is discussed using 20 case studies of new product and process 
development projects in five firms, which provided illustrative data for this research. 
Several CSFs emerged relating to the company’s knowledge and experience which 
included management empowering cross-functional teams and enabling accountability for 
project success, and teams using and applying the organizational knowledge in the new 
product/process development effort. During new product and process development projects 
a conflict exists between the need for innovation and the need to retain important 
capabilities. Technology-based organizations do not have a choice but to challenge their 
status quo and continue to innovate in a new product or process development project. As a
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result, new core capabilities and knowledge sets arise or existing ones are enhanced. 
Managers of NPD projects have to balance the need to innovate with the need to maintain 
these core capabilities.
Research was conducted through a survey of 30 NPD managers and 12 R&D 
directors by Millson et al. (1992) to understand the major approaches for accelerating NPD 
projects. The research resulted in five major approaches: simplify, eliminate delays, 
eliminate steps, speed up operations, and parallel processing. These five approaches are 
key to reducing the lead time for an NPD project for all cross-functional groups in an 
organization. The research focused on early engagement of R&D and manufacturing so the 
product as well as the manufacturing processes can be optimized and simplified. The 
research also suggests understanding the critical path and integrating tasks, eliminating 
slack between and within NPD tasks, eliminating non-value added tasks, and conducting 
tasks in parallel, which focuses the cross-functional team to engage early and focus on the 
necessary planning early in the NPD project.
Page (1993) discusses a best practice study conducted by the Product Development 
and Management Association (PDMA). A mail questionnaire was completed by senior 
people in the 189 organizations studied. The study reported several findings related to the 
CSFs in NPD such as 76% of the companies use multidisciplinary teams in NPD. The study 
also found that product strategy guides NPD in only 56.4% of the respondents and a well- 
defined NPD process was in place for only 54.5% of the respondents. In addition, the most 
frequent obstacle for successful NPD is inadequate resources. Finally, financial metrics are 
in place for 76% of the respondents.
29
There is often little consensus in research on how best to define success in NPD 
and how to measure. For example, Hart (1993) emphasized the importance of having 
measures in place for NPD projects. Success of NPD projects is multi-dimensional with 
very dynamic interrelationships. Previous research focused on many aspects including 
competitive success and corporate performance (e.g., financial and non-financial). 
Financial measures can be grouped into profit, assets, sales, capital, and equity. Non­
financial measures can be grouped into design, activity, market, technological, and 
commercial. However, the relationship between financial and non-financial measures is a 
neglected issue in the literature, yet there is an assumption that a positive relationship 
exists. Further, little literature attempts to examine the nature of non-financial achievement 
even though financial measures alone might not be sufficient predictors of success and 
little is known about the nature of the relationships that exists between non-financial and 
financial achievement. This research indicates that activity-based measures (e.g., number 
of R&D projects, number of new products launches, percent of successful launches) show 
a weak but significant correlation to financial measures. Therefore, it is proposed that 
dimensions of success should consider competitive thinking in terms of technology, cost 
and price, and time to market.
A survey of 135 companies to benchmark NPD success based on 10 performance 
measures was conducted by Cooper et al. (1995). The outcome of the research resulted in 
nine primary areas that impacted NPD, which included 1) an NPD process that focuses on 
high quality execution, early product definition, and gates with tough go/no-go decisions; 
2) a product strategy that is well communicated and clear; 3) adequate NPD 
resources/budgets; 4) senior leadership commitment to NPD; 5) senior leadership
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accountability to NPD; 6) adequate investment in product innovation; 7) NPD focuses on 
the company’s strategy and synergies; 8) high quality NPD teams with a dedicated leader, 
frequent communication, and efficient decision making; and 9) fully empowered cross­
functional teams.
The impact of cross-functional team structures on the effectiveness and timeliness 
of the NPD effort was explored by Olson et al. (1995). The results show that new products 
or concepts require a structure with more cross-functional interaction early than products 
that are derivatives or extensions of another. The cross-functional team structure for an 
NPD effort must be aligned so that the right level of team interaction and integration can 
occur to ensure product development success. Further, effective integration of suppliers 
into NPD was found by Ragatz et al. (1997) to provide many benefits including reduced 
cost of purchased material, improved quality of purchased material, reduced product 
development time, improved access to technology, and improved application of 
technology. Partnering with the supply base can allow a company to guide the supplier’s 
technical and manufacturing experts as they make critical decisions for the product being 
developed. This ultimately can lead to better designs in terms of meeting requirements.
Lester (1998) proposed 16 CSFs for NPD that can be categorized into five areas: 
senior management commitment, organizational structure/process, innovative culture, 
adequate budget and resources, and project management utilization to minimize risk. The 
research found that senior management must establish the right vision, strategy, and 
sponsorship for the project. The NPD effort must have adequate resources (e.g., budget and 
staffing) to support NPD through communication with management and the markets. The 
cross-functional team must also be aligned with the NPD goals/strategy as directed by
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management. The NPD team must have the appropriate structure and tools to support 
collaboration, integration, and information exchange for effective, efficient decision 
making. Further, the communication plan must be adequate to empower the team while 
balancing feedback from management on an agreed upon basis. The organization must also 
have an NPD process that provides the NPD team with the appropriate operational 
guidelines and strategy. Further, the NPD team must understand and follow the NPD 
process. Lester (1998) emphasizes that management and the organizational structure must 
support innovation with the right talent and adequate time to develop new concepts. The 
team must generate concepts that meet or exceed the customer’s needs. In addition, the 
concepts must align with the organizational product or service strategy in terms of 
technology, markets, and financial goals. Lastly, the concepts should be manufacturable. 
The NPD effort must utilize project management to minimize risk or uncertainty as early 
as possible. Each NPD project should have a project plan that shows how the team will 
meet the NPD project goals. Project management should ensure that the tasks are 
prioritized and completed per the agreed upon schedule. Pulse meetings are noted as a 
potential way to gather NPD project status. The focus must be to minimize risks or 
uncertainties early in the NPD effort. Due to organizational learning, the NPD project plan 
must be revisited and communicated on a regular basis so the cross-functional team and 
management are aligned with any changes.
A study including 15 large companies and 40 NPD projects was conducted by 
Adams et al. (1998). The study identified three organizational barriers to market learning. 
First, organizations tend to focus on gathering market data on technologies that are 
perceived as less ambiguous. Therefore, organizations should use cross-functional teams
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in the acquisition of market data to reduce the ambiguity and provide a clearer market view 
to the NPD project. A tool such as quality functional deployment (QFD) can be used to 
help NPD teams better match the technical requirements to the voice of the customer 
(VOC) and provide a less ambiguous view to the cross-functional team. Second, market 
information does not get spread throughout the organization due to focus on departmental 
goals rather than those driven by the NPD project. The study recommended that 
management ensure that cross-functional teams are empowered in the process so that 
compartmentalized goals are replaced with common NPD cross-functional project goals. 
Third, organizations must create an environment that allows the team to take risks and 
champion change in the use of the market information. The findings indicate the 
importance of management in empowering cross-functional teams and ensuring NPD 
teams use market research tools and methods in the acquisition, dissemination, and use of 
market information.
The impact of the organizational culture and management commitment on the 
globalization of NPD has also been investigated. Boutellier et al. (1998) discusses the 
importance of IT (Information Technology) in helping a global organization work together 
more effectively. However, IT alone will not ensure that a project is successful; 
organizational and human-relation factors must be considered as well. The IT component 
can help with reducing travel, but cannot be a substitute for face-to-face communication. 
Non-verbal communication is not seen in electronic media. This is very critical in rich- 
context cultures such as Japan and China. Six success factors for dispersed teams were 
identified. First, it is important to recognize that large dispersed teams must be brought 
together at critical knowledge transfer times in the project. Second, IT applications also
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cannot replace face-to-face communications. The project leader must build that partnership 
with the dispersed team. Third, the team should get to know each other personally and build 
trust. Next, IT applications such as email, databases, remote login, and video conferences 
are critical to enable the team to work efficiently across borders. Fifth, the IT applications 
must be selected to fit the current project situation and need. Finally, longer projects and 
stable teams make it easier for the IT solutions to be effective versus face-to-face 
communication.
Keller (2001) focused on the dynamics of cross-functional teams and functional 
diversity in NPD and studied the impacts of both internal and external communication. The 
research found that technical quality as well as schedule and budget performance improve 
with cross-functional teams due to the external communication networks achieved with 
functional diversity. The research proposed that internal communications improved group 
cohesiveness. The study demonstrated that functional diversity increased job stress, which 
has a negative impact on group cohesiveness. The findings suggest that managers should 
monitor group cohesiveness and job stress on cross-functional NPD teams and decide if 
actions need to be taken to improve team inter-relationships and information exchange due 
to the differing functional perspectives.
A methodology for balancing five CSFs for NPD projects and creating awareness 
of warning signals was proposed by Connell et al. (2001). The five CSFs included 
executive direction, project team, innovation strategy, internal factors, and external factors. 
It is critical to focus on all of these factors to be successful in NPD. As it is important for 
a company to learn from lessons learned from both successful and failed projects, 
leveraging these lessons learned promotes a more sustainable environment for project
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success. According to Connell et al. (2001), the role of executive direction is to take an 
active interest and commit to labor and non-labor resources and not micromanage. 
Managers must set the project goals, and allow a strong cross-functional team with 
sufficient knowledge, skills, and abilities to execute the NPD process. It is important for a 
sponsor to setup clearly defined measures for the cross-functional team. Internal factors 
focus on the internal infrastructure having the right organizational design and team 
structure and composition, using and capturing new organizational knowledge, and 
implementing operational and managerial policies/procedures including the necessary 
capital resources allowing the cross-functional team to innovate. External factors can be 
broken down into three categories including remote, industry, and company. Remote 
external factors relate to economic, regulatory, social, political, and ecological variables. 
Industry factors relate to the competition and supply chain. Company factors relate to the 
customer, market risks, competitive position, and creditors.
Ragatz et al. (2002) further studied supplier integration into NPD. Supplier 
integration is used by companies to reduce the time to market, improve quality and features, 
reduce cost, and improve the overall design effort. The elements of supplier integration 
studied include: degree of design responsibility, requirements definition, communication 
plan, intellectual property, supplier integration on the NPD project team, and 
organizational goals. The study involved interviewing NPD and purchasing managers to 
further develop the model. The inputs to the supplier integration model were technology 
uncertainty, need, and alignment. Integrative strategies and team processes are then 
developed, which lead to project outcomes. The research demonstrated that alignment, 
technology sharing, and supplier integration on the NPD team are important to achieve
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cycle time and quality results. To reduce NPD costs, the technology roadmaps of the buyer 
and supplier should be integrated into the development cycle. The research demonstrated 
that technology uncertainty has a negative impact on cost, but no direct impact on quality 
or cycle time.
The effect of the team leader on learning, knowledge application, and performance 
of cross functional NPD teams is explored by Sarin et al. (2003). NPD is viewed as a 
process of learning by many researchers. The leadership must enable the team to maximize 
the use and application of knowledge and lessons learned to increase the desired outcomes. 
The NPD team leader’s management style and position can have a significant influence on 
the learning within the team, effecting performance in terms of the level of innovation 
introduced and speed with which the product is brought to market. The model inputs 
studied include consideration (i.e., concern and interest for the well-being of the team 
members), participation in decision making, initiation of goal structure, initiation of 
process structure, and team leader’s position. All of the model inputs were demonstrated 
to be factors except the initiation of process structure. The research also conveyed that 
learning has a significant positive relationship with speed to market and innovation. A solid 
knowledge-based framework that builds on previous learnings and development of tests to 
create new learnings is critical. Project risk is positively related to NPD team learning. 
Projects with higher risk often require team members to develop creative and non-routine 
solutions. Learning and knowledge application can be enhanced and nurtured in teams by 
effective team leadership.
A series of three papers focused on benchmarking best NPD practices, specifically 
on the CSFs related to culture, climate, teams, senior management’s role, strategy, resource
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allocation, portfolio management, NPD process, quality of market information, product 
definition, and competitive and product advantage. Cooper et al. (2004a) focuses the first 
article on culture, climate, teams, and senior management’s role in benchmarking the best 
NPD practices. Data was gathered from several organizations with respect to performance 
metrics (e.g., percent of revenues and profits from new products); success, fail, and kill 
rates; time to market; on time and on budget; and NPD projects meeting objectives. The 
organization’s evaluation performed worst on speed and efficiency and the ability to reduce 
cycle time. The strongest performance relates to the technical performance of the NPD 
project (i.e., technical success rating and ability to integrate new scientific knowledge). 
The second article by Cooper et al. (2004b) focuses on strategy, resource allocation, and 
portfolio management. In this research, best practices as performance drivers were 
identified. These included several aspects such as the need for a product innovation and 
technology strategy that is aligned with the business strategy to guide NPD projects. In 
addition, a product roadmap is needed for future initiatives with resources versus time. 
There should also be a shift from small and incremental projects to bolder and innovative 
projects. Further, there should be a portfolio of high value projects with the right balance 
of projects (i.e., long vs short term; high vs. low risk; across different markets, sectors, 
product lines, and technology areas) and the right balance of dedicated and focused cross­
functional resources available to support the NPD project. The functional areas must 
provide sufficient resources for NPD as this is one of the most distinguishing factors 
separating the best from the worst. Finally, a dedicated innovation team should be utilized. 
In their third article, Cooper et al. (2004c) focused on driving new product projects to 
market success and several best practices were determined. First, NPD process elements
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must be well defined with stages, stage activities, gates, deliverables, and gate criteria. In 
the samples of businesses observed, this was the strongest practice observed. The quality 
of execution must be driven at the senior management level from idea to launch. The best 
practices can be built into the NPD process by emphasizing pre-development homework, 
performance metrics for NPD projects, metrics on NPD process, and go/no go decision 
points where projects can receive no go decisions. A focus must be on the quality of market 
information on entering development such as the VOC (i.e., gather customer needs, wants, 
and problems), customer’s direct feedback to the product, competitive benchmarking (i.e., 
products, pricing, and strategies), data on expected non-revenue product performance, data 
on market size and potential, and expected new product sales revenue. The product should 
also be defined early by documenting the value proposition, defining the target market and 
positioning strategy, defining the product concept, maintaining stable product 
specifications throughout development, and using a project charter to gain alignment 
between the NPD team and management.
In a global study, De Brentani et al. (2004) studied 252 international NPD programs 
and proposed three key factors for successful international NPD projects. These include 
the organizational, innovation, and globalization culture of the company; commitment for 
adequate resources to support the international NPD effort; and leadership and top 
management commitment to the project.
Supplier integration into NPD projects was investigated by Petersen et al. (2005). 
The research purpose was to identify strategies to improve product designs and 
manufacturability through early supplier integration in the NPD process. The second goal 
was to determine if the stage at which supplier integration occurred or level of design
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responsibility had a significant impact. The conclusions found that it is critical for 
managers to select the right supplier with the right capability and right culture, regardless 
of when the supplier is engaged and level of responsibility assigned. The research also 
found it necessary to involve the supplier in determining the technical specifications and 
targets. The research also confirmed that supplier involvement adds value to NPD through 
improved decision making, which leads to better designs and financial performance.
Kahn et al. (2006) developed an NPD best practice framework including six general 
themes: strategy, portfolio management and planning, NPD process, market research, 
cross-functional teams, and standardized criteria and metrics. The NPD best practice 
framework developed four levels of criteria to classify where a company lies in the 
continuum from nonexistent to a formalized approach. A methodology was also proposed 
by Ogawa et al. (2006) to reduce risk in NPD where the customer is integrated in the 
innovative stages of NPD and is asked to commit to purchase prior to final development 
and manufacturing. The research discusses the limitations of conventional market research 
and then options for implementing the proposed methodology.
Mashhadi et al. (2012) conducted a case study with the Volvo Group and found six 
lessons learned in the implementation of robust design methods in the product development 
process. The study emphasized the importance of robust design in increasing customer 
value and NPD success. In a similar study focused on NPD stages, Dubiel et al. (2016) 
investigates NPD success during the early stages of NPD from a global perspective. Several 
firm characteristics were studied including global discovery management, global footprint, 
open innovation proclivity, and cross-national global NPD team use. The research 
demonstrated the importance of global discovery management in the NPD process. A
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company’s product strategy must incorporate information from global markets and VOC 
input worldwide. The research demonstrated that solely having a global footprint or cross­
national global NPD team does not enhance NPD performance. However, having the global 
perspective when making decisions in the early stages of NPD can help identify 
opportunities to develop products that meet the needs of customers worldwide and provide 
a competitive advantage in terms of NPD performance both domestically and worldwide.
The importance for designers to consider both product and service failure modes is 
discussed by Kimita et al. (2018). The methodology or framework presented applies the 
use of a product-service systems failure modes and effects analysis (FMEA) so that the 
appropriate measures can be implemented to improve product or service reliability.
In developing guidelines for stage-gate timelines for NPD projects Van Oorschot 
et al. (2018) emphasizes that NPD project tasks are typically underestimated up front and 
that many unknown tasks identified leading up to and during the front-end gate results in a 
more realistic project timeline. These unknown tasks make it difficult to develop a realistic 
project schedule at the start of the NPD effort. The research highlights the trade-off 
between quality and speed to market and outlines three conditions that can help the project 
manager determine the best NPD stage-gate project schedule that maximizes new product 
profitability.
The literature was reviewed to develop a common list of the CSFs. Table 1 provides
a summary of these factors.
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Table 1. CSFs determined by the current literature
Category Sub-Tier Category References Cited
NPD is clearly documented 
with stage/gate criteria and 
deliverables.
Takeuchi et al. (1986); Page (1993); 
Lester (1998); Cooper et al. (1995); 
Cooper et al. (2004c); Kahn et al. 
(2006)
NPD Process
All levels of the organization 
are committed to following 
the NPD process (i.e., from 
executive leadership to the 
working level core team).
Lester (1998); Cooper et al. (1995); 
Connell et al. (2001); Cooper et al. 
(2004a); Cooper et al. (2004c); De 
Brentani et al. (2004); Kahn et al. 
(2006)
Performance metrics are 
used throughout the NPD 
process to assess projects.
Hart (1993); Cooper et al. (1995); 
Connell et al. (2001); Cooper et al. 
(2004a); Cooper et al. (2004c); De 
Brentani et al. (2004); Kahn et al. 
(2006)
Lessons learned are 
documented throughout the 
NPD process.
Takeuchi et al. (1986); Connell et al. 
(2001)
Organizational design and 
communication structure 
(e.g., meeting structure, IT 
system, escalation process, 
etc.) are adequate to support 
the NPD project.
Boutellier et al. (1998); Lester (1998); 
Connell et al. (2001); Cooper et al. 
(2004a); Kahn et al. (2006)
NPD
Organization has clearly 
documented design processes 
for its products and/or Leonard-Barton (1992)
Organizational services.
Development Organization has sufficient 
knowledge and experience in 
research and development.
Leonard-Barton (1992); Cooper et al. 
(1995)
Organization quantifies 
product or service failure 
modes throughout NPD.
Kimita et al. (2018)
Organization has sufficient 
knowledge and experience in 
validation testing.




Organization benchmarks the 
competition during NPD 
(e.g., products, pricing, and 
strategies).
Connell et al. (2001); Cooper et al. 
(2004c)
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Table 1. CSFs determined by the current literature (cont.)
Category Sub-Tier Category References Cited
Organization innovation and 
technology strategy guides 
NPD projects.
Page (1993); Cooper et al. (1995); 
Lester (1998); Connell et al. (2001); 
Cooper et al. (2004a); Cooper et al. 
(2004b); De Brentani et al. (2004); 
Kahn et al. (2006)
NPD team gathers the VOC 
(i.e., needs, wants, and 
problems). Takeuchi et al. (1986); Adams et al. (1998); Cooper et al. (2004c); Kahn et 
al. (2006); Ogawa et al. (2006); Dubiel 
et al. (2016)
NPD team uses the VOC to 
define and develop the 
product or service 




developed in NPD 
consistently offers a 
competitive advantage in the 
marketplace in terms of 
performance.
Products or service 
developed in NPD 
consistently offers a 
competitive advantage in the 
marketplace in terms of 
schedule.
Adams et al. (1998); Lester (1998); 
Connell et al. (2001); Cooper et al. 
(2004c); Kahn et al. (2006); Ogawa et 
al. (2006); Dubiel et al. (2016)
Products or service 
developed in NPD 
consistently offers a 
competitive advantage in the 
marketplace in terms of cost.
The higher the number of 
design changes required the 
lower probability of success 
of the NPD effort.
Cooper et al. (1995)
NPD Project
An incorrect product or 
process architecture can be 
selected early in NPD 
processes.
Millson et al. (1992); Cooper et al. 
(2004c); Ogawa et al. (2006)
Specific Leadership/management is 
fully engaged in the NPD 
project.
Page (1993); Cooper et al. (1995); 
Lester (1998); Connell et al. (2001); 
Cooper et al. (2004a); De Brentani et 
al. (2004); Kahn et al. (2006)
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Table 1. CSFs determined by the current literature (cont.)
Category Sub-Tier Category References Cited
The scope, expectations, and 
value proposition for the 
NPD effort is clearly driven 
by the management team.
Takeuchi et al. (1986); Cooper et al. 
(1995); Lester (1998); Connell et al. 
(2001); Cooper et al. (2004a); Cooper 
et al. (2004c); De Brentani et al. (2004)
NPD project has clearly 
defined requirements and 
specifications.
Lester (1998); Cooper et al. (2004c)
NPD project has stable 
requirements and 
specifications that are 
maintained throughout the 
development process.
Cooper et al. (2004c)
Company culture creates an 
environment where the NPD 
project team feels 
empowered to execute the 
NPD project in an effective 
and efficient manner.
Takeuchi et al. (1986); Leonard-Barton 
(1992); Lester (1998); Connell et al. 
(2001); Cooper et al. (2004a); De 
Brentani et al. (2004)
NPD Project 
Specific
Company has adequate 
planning in the early stages 
of the NPD process.
Millson et al. (1992); Lester (1998); 
Connell et al. (2001); Cooper et al. 
(2004b); Kahn et al. (2006)
NPD projects have realistic 
and stable project schedules. Van Oorschot et al. (2018)
NPD projects have adequate 
budgets.
Page (1993); Cooper et al. (1995); 
Lester (1998); Connell et al. (2001); 
Cooper et al. (2004b); De Brentani et 
al. (2004)
NPD teams are appropriately 
staffed with cross-functional 
team members.
Takeuchi et al. (1986); Leonard-Barton
(1992) ; Millson et al. (1992); Page
(1993) ; Cooper et al. (1995); Adams et 
al. (1998); Lester (1998); Connell et al. 
(2001); Keller (2001); Cooper et al. 
(2004a); Cooper et al. (2004b); De 
Brentani et al. (2004); Kahn et al. 
(2006)
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Table 1. CSFs determined by the current literature (cont.)
Category Sub-Tier Category References Cited
NPD team has the 
appropriate structure and 
tools to support 
collaboration, integration, 
and information exchange 
for effective, efficient 
decision making.
Takeuchi et al. (1986); Cooper et al. 
(1995); Boutellier et al. (1998); Lester 
(1998); Connell et al. (2001); Cooper et 
al. (2004a); De Brentani et al. (2004)
The NPD team thoroughly 
applies the NPD process and 
tools to their fullest extent.
Cooper et al. (1995); Cooper et al. 
(2004a); Cooper et al. (2004c); Kahn et 
al. (2006)
NPD team is accountable for 
the project’s success.
Takeuchi et al. (1986); Leonard-Barton 
(1992); Cooper et al. (1995); Cooper et 
al. (2004a)
NPD team applies lessons Takeuchi et al. (1986); Leonard-Barton
learned and the (1992); Lester (1998); Connell et al.
NPD Project organizational knowledge. (2001)
Specific NPD team focuses on robust 
methods of design in the 
product or process.
Mashhadi et al. (2012)
NPD team focuses on 
superior quality in the 
product or process.
Cooper et al. (1995); Connell et al. 
(2001); Cooper et al. (2004c)
NPD team focuses on robust 
methods of manufacture and 
assembly of the product or 
delivery of the service.
Millson et al. (1992)
NPD team considers the 
supply base knowledge and 
experience with the 
technology.
Takeuchi et al. (1986); Ragatz et al. 
(1997); Ragatz et al. (2002); Petersen et 
al. (2005)NPD team engages suppliers 
actively in the NPD process.
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3. RESEARCH METHODOLOGY
The methodology focused on three stages including developing the survey, 
conducting and analyzing the survey results, and reporting the results. The survey and 
statistical analysis methodology can be found in Figure 1.
Developing the Survey
Step 1: Identify the research goals and objectives. The research goals and objectives for 
this study were to identify the CSFs in NPD based on survey results from a 
worldwide multi-industry survey.
Step 2: Identify the CSFs found in prior research. 116 CSFs were outlined in prior
research. Similar success factors were grouped, which reduced the number of 
CSFs to 36 for the final survey.
Step 3: Develop survey with ranking scale. Develop demographic and CSFs questions. A 
5-point Likert scale was selected (strongly disagree, disagree, neutral, agree, 
strongly agree).
Conducting and Analyzing the Survey Results
Step 4: Distribute the survey via social media. The survey was posted on relevant 
LinkedIn social media groups. 240 initial survey responses + 81 follow-up 
question survey responses + 88 final survey responses.
Step 5: Conduct analysis of the survey data. Demographic data analysis to validate the 
survey responses. A nonparametric statistical analysis, Kruskal-Wallis, was 
selected to determine the statistical differences in the CSFs based on rank. A 
Kruskal-Wallis positive z-score was used to determine the CSFs to focus in the 
NPD framework development.
Step 6: Conduct Factor Analysis to group similar factors. Factor analysis was conducted 
to sort CSFs by highest weighted coefficients and group interdependent CSFs.
Reporting and Dissemination
Step 7: Report results and interpret results.
Figure 1. Research methodology
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3.1. STEP 1: IDENTIFY THE RESEARCH GOAL AND OBJECTIVES
The research goals and objectives for this study were to identify the CSFs in NPD 
based on survey results from a worldwide multi-industry survey.
3.2. STEP 2: IDENTIFY THE CSFS FOUND IN PRIOR RESEARCH
To create the survey, the CSFs in NPD were identified from previously published 
research in scholarly journals. The literature review initially identified 116 CSFs. The 116 
CSFs were then grouped into four categories: NPD process, NPD organizational 
development, R&D, and NPD project specific; which were then further condensed through 
“like” grouping to 36 CSFs. The results are provided in Table 1 along with the references 
cited.
3.2.1. CSFs Category: NPD Process. A clearly documented NPD process with 
stage/gate criteria and deliverables has been discussed in numerous studies (Takeuchi et 
al., 1986; Page, 1993; Lester, 1998; Cooper et al., 1995; Cooper et al., 2004c; Kahn et al., 
2006). This process document clearly guides the cross-functional team through the 
complex development process. It also serves as a checklist to ensure all tasks and 
deliverables are completed per the agreed upon stage/gate criteria. Not only should the 
NPD process be documented, but all levels of the organization must be committed to follow 
the process from executive leadership to the working level core team (Lester, 1998; Cooper 
et al., 1995; Connell et al., 2001; Cooper et al., 2004a; Cooper et al., 2004c; De Brentani 
et al., 2004; Kahn et al., 2006). Lack of process compliance can lead to critical issues that 
delay or result in the NPD project not meeting its’ agreed upon project goals and plan per 
the project contract. Performance metrics are an important factor in signaling to leadership
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whether an NPD project is on track or not per the agreed upon plan (Hart, 1993; Cooper et 
al., 1995; Connell et al., 2001; Cooper et al., 2004a; Cooper et al., 2004c; De Brentani et 
al., 2004; Kahn et al., 2006). In addition, the NPD process should allow the team to capture 
lessons learned found in the execution of the process to avoid problems from recurring in 
future projects (Takeuchi et al., 1986; Connell et al., 2001).
3.2.2. CSFs Category: NPD Organizational Development. Several CSFs related 
to the NPD organization. The organizational design and communication structure both 
between the cross-functional core team and leadership can have a significant impact on the 
NPD project (Boutellier et al., 1998; Lester, 1998; Connell et al., 2001; Cooper et al., 
2004a; Kahn et al., 2006). Organizational details such as meeting structure, IT systems, 
and escalation process are critical for project success as a lack of communication among 
team members and leadership is one of the assignable causes for missing both short- and 
long-term critical deliverables in the NPD process. In addition to meeting structure, the 
organization should have clearly documented design processes for its products and/or 
services (Leonard-Barton, 1992) as well as sufficient knowledge and experience in R&D 
and validation testing (Leonard-Barton, 1992; Cooper et al., 1995). Having this knowledge 
capture is important as experience of the cross-functional team can vary. It is also important 
for organizations to be able to quantify product or service failure modes in the NPD process 
(Kimita et al., 2018). Doing this helps the organization put the right actions in place to 
mitigate the risks of the product or service failure modes found in the design and 
development process.
3.2.3. CSFs Category: Research and Development. R&D is another category for 
critical to NPD. First, the organization must have an innovation and technology strategy
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that guides NPD projects (Page, 1993; Cooper et al., 1995; Lester, 1998; Connell et al., 
2001; Cooper et al., 2004a; Cooper et al., 2004b; De Brentani et al., 2004; Kahn et al., 
2006). This strategy must be tied to the overall business goals and coupled with 
organizational learning through involvement of the NPD cross-functional team in 
acquiring, disseminating, and using market information, in benchmarking the competition 
(i.e. products, pricing, and strategies) (Connell et al., 2001; Cooper et al., 2004c), and in 
gathering the VOC (Takeuchi et al., 1986; Adams et al., 1998; Cooper et al., 2004c; Kahn 
et al., 2006; Ogawa et al., 2006; Dubiel et al., 2016). These are important factors that drive 
the selection of the right technology to meet the goals of an NPD project and offer a 
competitive advantage in the marketplace (Adams et al., 1998; Lester, 1998; Connell et al., 
2001; Cooper et al., 2004c; Kahn et al., 2006; Ogawa et al., 2006; Dubiel et al., 2016). 
Lastly, the magnitude of design changes required for the product or service being 
developed also plays a factor (Cooper et al., 1995). The greater the magnitude of design 
change the more complex the execution of the NPD process by the cross-functional team.
3.2.4. CSFs Category: NPD Project Specific. There were several CSFs that were 
directly tied to a specific NPD project. Leadership and management engagement (Page, 
1993; Cooper et al., 1995; Lester, 1998; Connell et al., 2001; Cooper et al., 2004a; De 
Brentani et al., 2004; Kahn et al., 2006) in the development of the scope, expectations, and 
value proposition (Takeuchi et al., 1986; Cooper et al., 1995; Lester, 1998; Connell et al., 
2001; Cooper et al., 2004a; Cooper et al., 2004c; De Brentani et al., 2004) as well as 
throughout the NPD project was cited. Leadership must develop common goals and then 
empower the cross-functional team with the right environment and culture to execute the 
NPD project in an effective and efficient way (Takeuchi et al., 1986; Leonard-Barton,
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1992; Lester, 1998; Connell et al., 2001; Cooper et al., 2004a; De Brentani et al., 2004). 
This empowerment must be coupled with a well-defined escalation process to engage 
leadership when problems arise. It is important for leadership to ensure NPD projects have 
adequate planning in the early stages of the NPD process (Millson et al., 1992; Lester, 
1998; Connell et al., 2001; Cooper et al., 2004b; Kahn et al., 2006), realistic and stable 
project schedules (Van Oorschot et al., 2018), adequate budgets (Page, 1993; Cooper et al., 
1995; Lester, 1998; Connell et al., 2001; Cooper et al., 2004b; De Brentani et al., 2004), 
and an appropriately staffed cross-functional team (Takeuchi et al., 1986; Leonard-Barton, 
1992; Millson et al., 1992; Page, 1993; Cooper et al., 1995; Adams et al., 1998; Lester, 
1998; Connell et al., 2001; Keller, 2001; Cooper et al., 2004a; Cooper et al., 2004b; De 
Brentani et al., 2004; Kahn et al., 2006).
In addition to leadership engagement, the cross-functional team must select the 
correct product or process architecture early in the NPD process (Millson et al., 1992; 
Cooper et al., 2004c; Ogawa et al., 2006). This can have a dramatic impact on the execution 
of the NPD project. It is critical to have a cross-functional team in the architecture selection 
process so that the right inputs can be considered. The NPD product or service must also 
have clearly defined requirements and specifications (Lester, 1998; Cooper et al., 2004c) 
that are stable throughout the development process (Cooper et al., 2004c). Requirement or 
specification changes in the NPD process add risk and have a considerable impact on the 
cross-functional team’s ability to meet the deliverables at the proper NPD stage/gate.
To meet the NPD project deliverables, it is important for the NPD team to 
adequately plan and monitor each task in the NPD process and execute each task to its 
fullest extent (Cooper et al., 1995; Cooper et al., 2004a; Cooper et al., 2004c; Kahn et al.,
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2006). During the execution, the NPD team must be accountable for the project’s success 
(Takeuchi et al., 1986; Leonard-Barton, 1992; Cooper et al., 1995; Cooper et al., 2004a). 
The NPD cross-functional team must also define the appropriate structure and tools to 
support collaboration, integration, and information exchange for effective and efficient 
decision making (Takeuchi et al., 1986; Boutellier et al., 1998; Lester, 1998; Cooper et al., 
1995; Connell et al., 2001; Cooper et al., 2004a; De Brentani et al., 2004). In the execution 
of the NPD process, the team must apply lessons learned and organizational knowledge 
(Takeuchi et al., 1986; Leonard-Barton, 1992; Lester, 1998; Connell et al., 2001), focus on 
robust methods of design (Mashhadi et al., 2012), focus on superior quality (Cooper et al., 
1995; Connell et al., 2001; Cooper et al., 2004c), and focus on robust methods of 
manufacture and assembly of the product or delivery of the service (Millson et al., 1992). 
The NPD team must also actively engage suppliers (if applicable) in the NPD process and 
consider the supply base knowledge and experience with the technology (Takeuchi et al., 
1986; Ragatz et al., 1997; Ragatz et al., 2002; Petersen et al., 2005). These are all CSFs 
that must be considered to have a successful NPD effort.
3.3. STEP 3: DEVELOP SURVEY WITH RANKING SCALE
The survey was first organized with demographic questions in order for the survey 
participant demographics to be quantified. The survey then followed with a 5-point Likert 
scale ranking for each of the 36 CSFs categories. The 5-point Likert scale rankings were 
strongly disagree, disagree, neutral, agree, and strongly agree.
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3.4. STEP 4: DISTRIBUTE THE SURVEY VIA SOCIAL MEDIA
LinkedIn social media groups were used as a means to distribute the survey to 
appropriate industry professionals. This methodology was also used by Unkelos-Shpigel 
et al. (2015) and was found to be an effective research tool for recruiting survey 
respondents. The LinkedIn social media groups were selected based on the need to cover a 
breadth of industries globally. Examples of groups posted include the American Society of 
Mechanical Engineers, Automotive Industry Professionals Worldwide, Mechanical 
Engineering Forum, World of Automotive Professionals, Society of Concurrent Product 
Development, American Society of Quality, Lean Six Sigma, Institute of Industrial and 
System Engineers, and Advanced Manufacturing Engineering Society, amongst many 
others.
A total of 240 responses with 118 full responses were received from the survey 
distribution. During the analysis of the survey data it was discovered that 10 CSFs found 
in Step 2 were not included. A follow-up survey for those 10 CSFs was sent out via the 
same LinkedIn social media groups with a total of 81 responses with 45 full responses to 
cover the remaining success factors. A follow-up survey with all 36 CSFs was sent out to 
validate with a complete survey via the same LinkedIn social media groups with a total of 
88 responses with 44 full responses.
Lehmann (1998) discusses power and sample size requirements for a non­
parametric test based on ranks compared back to a parametric test. Based on the analysis, 
a conservative rule of thumb for sample size was developed for non-parametric tests to 
calculate the power and sample size for a parametric test, such as one-way ANOVA 
(Analysis of Variance), with an additional 15 percent (Graphpad Statistics Guide, 2019).
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Using the power and sample size analysis for one-way ANOVA with 5 levels (i.e. 5-point 
Likert Scale), a  = .05, and power = 0.95, a sample size of 38 is required to see a maximum 
difference of 1.0 as shown in Figure 2. Applying the rule of thumb, the sample size required 
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Figure 2. Power and sample size for one-way ANOVA
3.5. STEP 5: CONDUCT ANALYSIS OF THE SURVEY DATA
3.5.1 Demographic Data Analysis. The demographic data from the CSFs survey 
conveyed some principle findings. For example, 40.3% of the survey participants have 
been involved in greater than 11 NPD projects in their company as shown in Table 2. In 
addition, 63.5% have greater than 11 years industry experience as indicated in Table 3. 
This experience demonstrates that the survey respondents include experienced industry 
professionals. Further, 79.9% of the survey respondents work for a company that have a 
documented NPD process. This is in close alignment to the value that Cooper et al. (2004c) 
reported with 73.7 percent of the companies having an NPD process.






Table 2. Survey participants by number of NPD projects they have participated


















Figures 3 and 4 show the survey respondents by industry and functional area, 
respectively. The results show that the survey covers multiple industry and functional area 
responses. The top industries represented in the survey include pharmaceuticals (18.8%), 
automotive (18.5%), engineering services (12.3%), other manufacturing (10.7%), 
aerospace (5.5%), biomedical (3.9%), educational services (3.3%), and chemical (2.9%), 
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Survey Respondents by Functional Area


















Figure 4. Survey respondents by functional area
Figure 5 shows the survey respondents by continent. The survey respondents 
represented six of the seven continents, including North America, Asia, Europe, Africa, 
South America, and Australia. North America had the most representation with 43.9% of 
the respondents, followed by Asia (26.8%) and Europe (19.7%). Lower response rates were 
noted from Africa (4.5%), South America (3.9%), and Australia (1.3%). The continents 
represented demonstrate the global nature of the survey responses.
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Figure 5. Survey respondents by continent
The company demographics studied in the survey include company size, company 
annual revenue last year, and company R&D investment in terms of percent of sales. Of 
the survey participants, 52.2% have a company size greater than or equal to 1,000 
employees, while 38.2% have a company size less than 500 employees. In terms of annual 
revenue, 57.4% of the survey participants work for a company that has greater than $10 
million in annual revenue. In terms of research and development investment, 33.8% of the 
survey participants work for a company that invests greater than 10% of sales in R&D. 
Tables 4, 5, and 6 show the percentages for each, respectively.
Table 4. Survey participants by company size (i.e., number of employees)
Company Size Quantity Percentages





2,500 or more 122 40.53%
Total 301 100.00%
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Table 5. Survey participants by company annual revenue last year
Company Annual Revenue Quantity Percentages
Under $49,999 14 5.05%
$50,000 - $99,999 12 4.33%
$100,000 - $499,999 22 7.94%
$500,000 - $999,999 19 6.86%
$1,000,000 - $9,999,999 51 18.41%
More than $10M 159 57.40%
Total 277 100.00%
Table 6. Survey participants by company investment in NPD (in terms of sales)
Company NPD Investment Quantity Percentages
Less than 5% 63 22.66%
5% - 9.9% 52 18.71%
10% - 19% 49 17.63%
20% - 29% 17 6.12%
More than 30% 28 10.07%
Do Not Know 69 24.82%
Total 278 100.00%
3.5.1. Statistical Analysis ofthe Survey Data. The CSF data was then analyzed using the data 
from all three survey groups. In order to determine which statistical analysis to use, the 
data was analyzed for normality and for equal variances. The Likert scale names were 
labeled 1 through 5, with 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 
= strongly agree. Figures 6 and 7 show the normality test and test for equal variances,
respectively.
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Figure 6. Normality test
Test for Equal Variances: Likert Scale vs CSF 
Multiple comparison intervals for the standard deviation, a  ■0.05
Ail levels of the organization are committed to follow the NPD process 
An incorrect product or process architecture can be selected in early NPO proccs 
Company culture creates an environment where the NPO project team feds empowere 
Company has adequate planning in the early stages of the NPO process. 
Cos* •• Products or service devdoped in NPO consistently offers a competitive a 
Design ■ NPO team focuses on robust methods of design in the product or process.
Leadership / management is fully engaged in the NPO project. 
Lessons learned documented throughout the NPO process. 
Mfg Assy • NPO team focuses on robust methods of manufacture and assembly of the 
NPO is clearly documented with stage/gate criteria and ddiverablcs 
NPO project has clearly defined requirements and specifications. 
NPO project has stable requirements and specifications that arc maintained throu 
NPO projects have adequate budgets. 
NPO projects have realistic and stable project schedules. 
NPO team applies lessons learned and the organizational knowledge. 
NPO team considers the supply base knowledge and experience with the technology.
NPO team engages suppliers actively in the NPO process. 
NPO team gathers the voice of the customer (Le. needs wants and problems). 
NPO team has the appropriate structure and tools to support collaboration, integ 
NPO team is accountable for the project's success 
NPO team uses the voice of the customer to define and develop the product or ser 
NPO teams are appropriately staffed with cross-functional team members 
Organization benchmarks the competition during NPO (e.g.. products pricing, and 
Organization has clearly documented design processes for its products and/or ser 
Organization innovation and technology strategy guides NPO projects 
Organization quantifies product or service failure modes throughout NPO. 
Organizational design and communication structure are adequate 
Perf • Products or service developed in NPO consistently offers a competitive ad 
Performance Metrics arc used throughout the NPO process ot assess projects 
Quality - NPO team focuses on superior quality in the product or process. 
R&D -- Organization has sufficient knowledge and experience in research and deve 
Schedule - Products or service developed in NPO consistently offers a competitor 
The higher the number of design changes required the lower the probability of su 
The NPD team thoroughly applies the NPO process and tools to their fullest exten 
The scope, expectations and value proposition for the NPD effort is clearly dri 
Val Test -- Organization has sufficient knowledge and experience in validation t
I Multiple Comparisons P-Value 0.087
P-Value 0.000
0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
If intervals do not overlap, the corresponding stdevs are significantly different.
Figure 7. Test for equal variances
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The histogram in Figure 6 shows that the Likert data is slightly skewed to the right 
and centered around a Likert scale of 4 (i.e., agree). The normality test has a p-value of 
<0.005, which indicates that the data is non-normal. Banga et al. (2013) recommends using 
the Multiple Comparisons for the test for equal variances due to the data being non-normal, 
not heavily skewed, and sample sizes greater than 20. Figure 7 shows that the Multiple 
Comparisons test results in a p-value = 0.087, which indicates that the variances are equal. 
Given that the data is non-normal and the variances of the CSFs are equal, a non-parametric 
analysis, such as Kruskal-Wallis, was selected to statistically analyze the data (Ruxton et 
al., 2008). Note that a parametric analysis, such as ANOVA will not apply because of its 
assumption for normality. Kruskal-Wallis provides an output of the data in terms of ranks.
3.5.2. Critical Success Factor Rankings. The survey responses to the Likert scale 
rankings for each CSFs were analyzed using the Kruskal-Wallis non-parametric statistical 
analysis. Kruskal-Wallis was selected to determine statistical differences in the CSFs based 
on rank as previously discussed. Table 7 shows the CSFs results sorted by average rank as 
provided by the Kruskal-Wallis analysis.
Table 7. CSFs rank results by Kruskal-Wallis
Survey Results
CSFs Rank N Median MeanRank
Z-
Value
NPD is clearly documented with stage/gate 
criteria and deliverables. 1 196 4 3303.6 5.15
NPD team gathers the VOC. 2 173 4 3127.7 3.33
NPD team focuses on superior quality in the 
product or process. 3 162 4 3125.9 3.21
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Table 7. CSFs rank results by Kruskal-Wallis (cont.)
Survey Results
CSFs Rank N Median MeanRank
Z-
Value
Organization has sufficient knowledge and 
experience in validation testing. 4 188 4 3085.2 3.11
Organization has sufficient knowledge and 
experience in research and development. 5 189 4 3016.8 2.51
NPD team uses the VOC to define and 
develop the product or service throughout 
the NPD process.
6 172 4 2987.8 2.14
NPD team is accountable for the project’s 
success. 7 163 4 2975 1.98
The scope, expectations, and value 
proposition for the NPD effort is clearly 
driven by the management team.
8 91 4 3030.9 1.81
Organization benchmarks the competition 
during NPD (i.e., products, pricing, and 
strategies).
9 173 4 2943.7 1.78
Products or service developed in NPD 
consistently offers a competitive advantage 
in the marketplace in terms of performance.
10 173 4 2928.1 1.64
Leadership/management is fully engaged in 
the NPD project. 11 92 4 2977.5 1.49
NPD team focuses on robust methods of 
manufacture and assembly of the product or 
delivery of the service.
12 162 4 2905.9 1.41
NPD project has clearly defined 
requirements and specifications. 13 91 4 2929.3 1.19
NPD team focuses on robust methods of 
design in the product or process. 14 162 4 2873.9 1.15
Organization has clearly documented design 
processes for its products and/or services. 15 188 4 2829.1 0.84
Company culture creates an environment 
where the NPD project team feels 
empowered to execute the NPD project in 
an effective and efficient manner.
16 88 4 2810.6 0.46
NPD team considers the supply base 
knowledge and experience with the 
technology.
17 159 4 2786.7 0.43
Organization innovation and technology 
strategy guides NPD projects. 18 173 4 2731.9 -0.02
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Table 7. CSFs rank results by Kruskal-Wallis (cont.)
Survey Results
CSFs Rank N Median MeanRank
Z-
Value
NPD team applies lessons learned and the 
organizational knowledge. 19 162 4 2650.4 -0.68
NPD team engages suppliers actively in the 
NPD process. 20 162 4 2650.8 -0.68
All levels of the organization are committed 
to following the NPD process (i.e., from 
executive leadership to the working level 
core team).
21 197 4 2649.9 -0.76
Lessons learned documented throughout the 
NPD process. 22 197 4 2636.6 -0.88
NPD team has the appropriate structure and 
tools to support collaboration, integration, 
and information exchange for 
effective/efficient decision making.
23 162 4 2626.1 -0.88
NPD teams are appropriately staffed with 
cross-functional team members. 24 89 4 2556.2 -1.07
Performance metrics are used throughout 
the NPD process to assess projects. 25 197 4 2613.4 -1.09
Organizational design and communication 
structure (e.g., meeting structure, IT system, 
escalation process) are adequate to support 
the NPD project.
26 188 4 2564.7 -1.5
An incorrect product or process architecture 
can be selected in early NPD processes. 27 92 4 2444.3 -1.78
Products or service developed in NPD 
consistently offers a competitive advantage 
in the marketplace in terms of cost.
28 172 4 2500.1 -1.97
NPD projects have adequate budgets. 29 90 4 2386.6 -2.11
The higher the number of design changes 
required the lower the probability of success 
of the NPD effort.
30 172 4 2423.6 -2.62
Company has adequate planning in the early 
stages of the NPD process. 31 90 4 2294.6 -2.66
Products or service developed in NPD 
consistently offers a competitive advantage 
in the marketplace in terms of schedule.
32 172 3 2388.3 -2.92
Organization quantifies product or service 
failure modes throughout NPD. 33 188 4 2394.8 -3
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Table 7. CSFs rank results by Kruskal-Wallis (cont.)
Survey Results
CSFs Rank N Median MeanRank
Z-
Value
NPD project has stable requirements and 
specifications that are maintained 
throughout the development process.
34 90 3 2148 -3.55
NPD team thoroughly applies the NPD 
process and tools to their fullest extent. 35 162 3 2233.8 -4.1
NPD projects have realistic and stable 
project schedules. 36 90 3 2000.1 -4.45
The z-score provides a gage as to the relative magnitude difference of that factor’s 
rank from the average rank. Note there are 17 CSFs that have a positive z-score, meaning 
that the factor’s rank is greater than the average rank for all CSFs. Based on this analysis, 
it is suggested to include all of the CSFs with a positive z-score in the future research.
Figure 8 shows the Likert scale responses at each level for each CSF and the 
cumulative percentage. The CSFs in Figure 8 are organized by rank order with the left most 
factor having the highest Kruskal-Wallis rank and the right most factor having the lowest 
Kruskal-Wallis rank.
3.6. STEP 6: CONDUCT FACTOR ANALYSIS TO GROUP SIMILAR FACTORS
Factor analysis was used to group interdependent CSFs to revised groupings based 
on the survey responses for the initial 36 CSFs. This analysis will develop a high-level
framework that can be used for future NPD research.
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Figure 8. Graphical illustration of CSF response rate for each Likert scale level
3.6.1. Conduct Factor Analysis. In reviewing the literature, Goldberg et al. (2006) 
and Costello et al. (2005) studied the decisions one needs to make when conducting a factor 
analysis. These decisions included, but were not limited to, the analysis type (components 
versus factor analysis), extraction method, number of factors selected, and rotation of 
factors to simplify the data structure. Costello et al. (2005) noted that principal components 
analysis (PCA) results can provide inflated variances. Goldberg et al. (2006) noted that if 
this decision makes a substantial difference in the results, there could be an issue with the 
data structure. Since PCA can result in inflated variances, factor analysis was selected.
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The extraction method selected was principal components rather than maximum 
likelihood. According to Costello et al. (2005), maximum likelihood is best used if the data 
is normally distributed and principal components is best used if the data is non-normal. 
Based on the Likert scale CSFs data being non-normal, the principal components extraction 
method was selected.
The rotation selected for this factor analysis was Varimax. Costello et al. (2005) 
noted that Varimax is an orthogonal rotation and is most commonly selected by researchers 
as a rotation to provide a simplified and clarified data structure. Thus, Varimax was 
selected and further quantified by providing the best resolution and interdependencies for 
the CSFs groupings. The number of factors selected for this group was 36, which is all the 
CSFs.
3.6.2. Sort CSFs by Highest Weighted Coefficients. The factor analysis was ran 
based on the decisions outlined above. The maximum CSFs coefficients were then sorted 
from high to low for each CSF and then filtered to review the interactions for the 17 CSFs 
selected with a positive z-score from the Kruskal-Wallis nonparametric analysis.
3.6.3. Group Interdependent CSFs. Costello et al. (2005) provide a rule of thumb 
threshold of 0.32 for a minimum factor loading, which is a scaled factor with values 
between -1.0 and 1.0. After reviewing the interdependencies and resulting groupings with 
a 0.32 factor loading there were four factors without a grouping. After reducing the 
threshold to 0.24 there were enough interdependencies resulting in two groupings for the 
CSFs including the front to end execution and the supporting elements, which are listed in
Table 8.
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Table 8. Factor analysis grouping results
Front to End Execution
Inputs
Voice of the 
Customer
NPD team gathers the voice of the customer (i.e., needs, 
wants, and problems).
NPD team uses the voice of the customer to define and 




Organization benchmarks the competition during NPD 
(i.e., products, pricing, and strategies).
Supply Base 
Experience
NPD team considers the supply base knowledge and 
experience with the technology.
Requirements NPD project has clearly defined requirements and specifications.
Robust
Methods
Design NPD team focuses on robust methods of design in the product or process.
Manufacture
Assembly
NPD team focuses on robust methods of manufacture 
and assembly of the product or delivery of the service.
Outputs
Superior Quality NPD team focuses on superior quality in the product or process.
Performance
Products or service developed in NPD consistently offers 











The scope, expectations, and value proposition for the 
NPD effort is clearly driven by the management team.
Leadership/management is fully engaged in the NPD 
project.
Empowerment
Company culture creates an environment where the NPD 
project team feels empowered to execute the NPD 
project in an effective and efficient manner.
Accountability NPD team is accountable for the project’s success.
Organizational
Experience
Organization has clearly documented design processes 
for its products and/or services.
Organization has sufficient knowledge and experience in 
research and development.
Organization has sufficient knowledge and experience in 
validation testing.
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3.7. STEP 7: REPORT RESULTS
The top 17 ranked CSFs with a positive z-score found in the CSFs survey were 
broken down into two main groupings based on the factor analysis. Figure 9 shows a 
conceptual high-level view of the factor analysis and resulting groupings, front to end 
execution, and supporting elements.
Figure 9. Conceptual high-level view of the factor analysis
The first grouping focuses on the front to end execution and considers the initial 
inputs and resulting outputs of the NPD project as well as the robust methods or transfer 
functions that convert the inputs to outputs. The initial inputs include conducting the VOC 
(Takeuchi et al., 1986; Adams et al., 1998; Cooper et al., 2004c; Ogawa et al., 2006; Kahn 
et al., 2006; Dubiel et al., 2016), benchmarking the competition (Connell et al., 2001; 
Cooper et al., 2004c), documenting the supply base experience and knowledge (Takeuchi 
et al., 1986; Ragatz et al., 1997; Ragatz et al., 2002; Petersen et al., 2005), and gathering 
the customer and business requirements (Lester, 1998; Cooper et al., 2004c). These are 
important deliverables that NPD teams must execute early in the NPD process and are the
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necessary inputs that provide a foundational element to guide the remainder of the NPD 
process. Gathering the VOC ensures that the customer requirements are incorporated 
throughout the NPD effort. This voice is not only important at the beginning of the project, 
but also throughout the NPD effort as the product or service is validated or tested. 
Benchmarking the competition allows the NPD team to understand its product or service 
offering compared to the competition. This helps the NPD team ensure that the product or 
service offers a competitive advantage in terms of performance, reliability, quality, and 
cost. Understanding the supply base experience and knowledge is important to be 
considered early in the NPD process as the design must be effectively and efficiently 
produced based on the production volumes. Gathering clearly defined customer and 
business requirements are critical to ensure the NPD design meets the customer and 
business needs for the specific application of the product or service at the appropriate 
functionality, performance, quality, cost, and reliability. The NPD team must spend the 
time during the front-end of the NPD project to ensure the requirements are high quality 
and realistic so that the NPD deliverables are well understood.
The resulting outputs for the front to end execution grouping include superior 
quality (Cooper et al., 1995; Connell et al., 2001; Cooper et al., 2004c) and performance 
(Adams et al., 1998; Lester, 1998; Connell et al., 2001; Cooper et al., 2004c; Kahn et al., 
2006; Ogawa et al., 2006; Dubiel et al., 2016) of the NPD product delivered to the 
customer. These CSFs are important for the NPD team to focus on during the NPD project 
based on the direct impact that these factors have on the ability of the product or service to 
meet the customer’s needs and intended use after launch into production.
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The front to end execution grouping further emphasizes the importance of 
executional elements including robust methods of design (Mashhadi et al., 2012) as well 
as robust methods of manufacture and assembly (Millson et al., 1992) that directly impact 
the resulting product or service quality and performance. These robust methods are 
executional elements that help enable the ability of the NPD team to deliver the product or 
service right the first time.
The next grouping of high ranked CSFs focuses on the supporting elements that 
impact the overall NPD project success. The supporting elements grouping considers the 
NPD execution process, leadership engagement, NPD team empowerment and 
accountability, as well as the organizational experience and knowledge.
A supporting element to ensure consistent NPD project execution is the importance 
of the NPD process and associated stage/gate criteria and deliverables. The highest ranked 
CSF focused on the NPD process. A company must have an NPD process that is clearly 
documented with stage/gate criteria and deliverables (Takeuchi et al., 1986; Page, 1993; 
Cooper et al., 1995; Lester, 1998; Cooper et al., 2004c; Kahn et al., 2006). This process 
guides the cross-functional team through the complex development process and serves as 
a checklist to ensure all tasks and deliverables are completed per the agreed upon stage/gate 
criteria. The NPD team must focus on superior quality through the execution of the NPD 
process (Connell et al., 2001; Cooper et al., 1995; Cooper et al., 2004c). The quality of 
execution starts with a well-documented NPD process including stage/gate deliverables 
and best practices. Clear deliverables for each stage/gate are important to drive consistency 
in execution across the NPD project teams. This consistency helps to minimize the 
variation and maximize the overall quality of execution of the NPD effort.
68
Another supporting element focuses on leadership involvement and engagement 
throughout the NPD project and emphasizes the need for leadership to drive the scope, 
expectations, and value proposition of the NPD effort (Takeuchi et al., 1986; Cooper et al., 
1995; Lester, 1998; Connell et al., 2001; Cooper et al., 2004a; Cooper et al., 2004c; De 
Brentani et al., 2004). Leadership support helps to put focus on the initiative. The 
leadership must not only be engaged at the time of project kickoff, but also continue 
throughout the project execution (Page, 1993; Cooper et al., 1995; Lester, 1998; Connell 
et al., 2001; Cooper et al., 2004a; De Brentani et al., 2004; Kahn et al., 2006) until the 
product or service is implemented into production. The group also considers the need for 
leadership to empower the NPD cross-functional team to execute the proj ect in an effective 
and efficient manner (Takeuchi et al., 1986; Leonard-Barton, 1992; Lester, 1998; Connell 
et al., 2001; Cooper et al., 2004a; De Brentani et al., 2004) and to hold the team accountable 
for the project’s success (Takeuchi et al., 1986; Leonard-Barton, 1992; Cooper et al., 1995; 
Cooper et al., 2004a). Engagement, empowerment, and accountability are important 
attributes that leadership must exhibit in support of the NPD project.
The supporting elements grouping further focuses on organizational knowledge and 
experience in validation testing and R&D (Leonard-Barton, 1992; Cooper et al., 1995) as 
well as the need for the organization to have clearly documented design processes for its 
products and/or services (Leonard-Barton, 1992). It is important for companies to have the 
infrastructure that enables this knowledge and experience to be captured and easily 
searched. This ensures that lessons learned and best practices are incorporated into the 
project and enables a consistent execution of the NPD processes as skills and experience 
of the project team can vary.
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4. CONCLUSION, FUTURE WORK, AND LIMITATIONS
Based on the CSFs found in the relevant literature a worldwide multi-industry 
survey was conducted to determine the top CSFs to enable successful NPD. The survey 
was validated with a statistically significant sample size with responses from experienced 
industry professionals covering multiple industries, functional areas, and six of the seven 
continents. The top CSFs found in the survey convey an understanding of the inputs, robust 
methods of execution, important supporting elements, and outputs to enable the success of 
NPD. This framework provides important considerations for industry leaders to consider 
when building or continuously improving their NPD execution structure, methods, and 
processes. These success factors provide important considerations and best practices that 
help enable NPD execution throughout the product lifecycle. In future research, the top 
CSFs and groupings developed in this research will be used to develop a risk mitigation 
framework for NPD execution.
Some limitations in this research can be observed. The survey was distributed in 
three independent surveys. The 26-factor survey, 10-factor survey, and 36-factor survey 
were then combined for analysis. The results are based upon the demographics represented 
in the survey responses. The sample and sample sizes for each of these independent surveys 
are different, but are statistically significant. The demographics demonstrated that some 
industries, functional areas, and geographic regions could be studied more extensively to 
draw further conclusions.
Another key limitation was that the relevant literature for CSFs only considered 
papers published in English. Research in other languages was excluded. It also is noted that
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only papers published in scholarly journals were considered. Research from other sources 
including books and grey literature, such as dissertations, was excluded. Therefore, there 
are potentially additional factors that were not identified in the current research. An 
exhaustive search of these references may result in additional factors that could be studied 
with conclusion drawn.
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ABSTRACT
To offer a competitive and comparative advantage in the marketplace companies 
must launch world class products to meet the customer’s needs in terms of performance, 
quality, time, profitability, and value by consistently executing the new product 
development (NPD) process. The seamless and repeatable execution of NPD is becoming 
more challenging and complex given the advancements in technology, ever-changing 
competitive landscape, continuous evolution of customer requirements, increasing number 
of lifecycle considerations, pressures to increase speed and optimize cost, need to 
effectively manage trade-off decisions, and presence of a global marketplace. A company 
must focus time and resources to ensure the global organization has the right framework to 
promote the seamless and repeatable execution of NPD. The framework must be 
comprehensive and able to identify and mitigate risks for the success of the company’s 
NPD projects. Based on the results of a previous study, the top critical success factors 
(CSFs) for successful NPD were determined. This research conducted a literature review 
for the top CSFs and developed an NPD framework to mitigate risk. The framework 
focused on the front to end execution of the NPD process as well as the supporting elements 
to provide the foundation for effective and efficient NPD execution. The framework
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consolidated the knowledge spread throughout many scholarly journals into a single 
framework supported by the top CSFs found in the prior research. Managers can use the 
framework as a guide to learn from the prior knowledge and develop or improve their 
company’s NPD process with focus on the critical items to increase the odds of commercial 
success.
Keywords
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1. INTRODUCTION
New product development (NPD) success contributes to a company’s ability to 
offer a competitive and comparative advantage in the marketplace. Studies have shown 
only 60.2 percent of the products developed are commercially successful and on average 
19 percent of the NPD projects were stopped prior to launch (Cooper, 2004a). The National 
Science Foundation (NSF) also reported the total global research and development (R&D) 
expenditure increased threefold between 2000 and 2017 from $722 billion to $2.2 trillion 
(NSF, 2020). Due to the increasing investment in R&D and cost to develop new products, 
companies must ensure these expenses are focused on the delivery of commercially 
successful products. Hence, companies must focus time and resources to improve the 
success rate by developing or continuously improving their NPD process. Studies have also 
shown the overall understanding and support of the NPD process is lacking with only 27.9 
percent of companies stating their organization understands and supports the NPD process 
(Cooper, 2004a). In addition, only 40.2 percent of companies report their senior
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management understands the NPD process and their roles and responsibilities. Hence, 
companies must focus efforts to improve the organizational understanding and support of 
the NPD process. To do this requires the right framework to support seamless 
organizational execution of NPD throughout the product lifecycle. Seamless and repeatable 
execution of the NPD process across the global organization is a requirement for the launch 
of world class products with a competitive and comparative advantage in terms of 
performance, quality, time, profitability, and value to the customer.
In developing a robust NPD framework, there are many areas to consider. It is 
important for companies to focus on the most impactful success factors. Ewing and Cudney 
(2020) conducted a worldwide multi-industry survey and determined the high-ranked CSFs 
enabling successful NPD. The organization must also consider the right risk mitigation 
strategy, methodology, or framework to identify and mitigate the risks in the overall 
execution of the NPD process. Chauhan et al. (2018) stated, “risk management plays a 
major role in enabling the success of the product development process in an organization” 
(p. 85). To win in NPD an organization must be proactive and ensure the overall NPD 
process execution has the right risk mitigation strategies in place with focus on the most 
important success factors. This research builds on the prior research to propose an NPD 
risk mitigation framework based on the high-ranked CSFs. The framework can be used as 
a guide for managers to develop and continuously improve their NPD execution structure, 
methods, and processes and increase the odds of successful delivery of a new product with
more robust and successful NPD execution.
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2. RESEARCH METHODOLOGY
The methodology focused on four steps to develop an NPD framework. The
research methodology is outlined in Figure 1.
Figure 1. Research Methodology
2.1. STEP 1: IDENTIFY THE RESEARCH GOAL AND OBJECTIVES
The research goals and obj ectives for this study were to identify an NPD framework 
companies can use to mitigate the risks associated with CSFs in NPD.
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2.2. IDENTIFY THE RISK MITIGATION METHODS FOUND IN PRIOR 
RESEARCH
The top 17 CSFs and a resulting grouping were identified from prior research by
Ewing and Cudney (2020). Table 1 and Figure 2 show the CSFs and resulting CSF
groupings from the prior research.
Figure 2. Conceptual High-Level view of the Factor Analysis from Prior Research
(Ewing and Cudney, 2020)
The following sections outline a review of the prior research for risk mitigation 
methods for each CSF by the factor analysis grouping. The literature is summarized in 
chronological order.
2.2.1. Front to End Execution -- Inputs -  VOC. The CSFs found in prior
research supporting the front to end execution, inputs, and VOC grouping include:
CSF1: NPD team gathers the VOC (i.e., needs, wants, and problems).
CSF2: NPD team uses the VOC to define and develop the product or service throughout 
the NPD process.
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Table 1. Factor Analysis Grouping Results and Associated CSFs from Prior Research
(Ewing and Cudney, 2020)
F r o n t  to  E n d  E x e c u t io n  G r o u p in g  a n d  C S F s
Inputs
Voice of the 
Customer (VOC)
NPD team gathers the VOC (i.e., needs, wants, and 
problems).
NPD team uses the VOC to define and develop the 
product or service throughout the NPD process.
Competition
Benchmarking
Organization benchmarks the competition during NPD 
(i.e., products, pricing, and strategies).
Supply Base 
Experience
NPD team considers the supply base knowledge and 
experience with the technology.
Requirements NPD project has clearly defined requirements and specifications.
Robust
Methods




NPD team focuses on robust methods of manufacture 
and assembly of the product or delivery of the service.
Outputs
Superior Quality NPD team focuses on superior quality in the product or 
process.
Performance
Products or service developed in NPD consistently 
offers a competitive advantage in the marketplace in 
terms of performance.









The scope, expectations, and value proposition for the 
NPD effort is clearly driven by the management team.
Leadership/management is fully engaged in the NPD 
project.
Empowerment
Company culture creates an environment where the 
NPD project team feels empowered to execute the 
NPD project in an effective and efficient manner.
Accountability NPD team is accountable for the project’s success.
Organizational
Experience
Organization has clearly documented design processes 
for its products and/or services.
Organization has sufficient knowledge and experience 
in R&D.
Organization has sufficient knowledge and experience 
in validation testing.
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Several key research studies investigated the impact of the VOC on NPD. For 
example, Cooper et al. (2002a) focused on gathering the VOC and problem statements in 
the front end of NPD during the discovery stage. The NPD cross functional team should 
plan to spend time on site with the customers to walk in their shoes (i.e., day-in-the-life- 
of) to understand their problem statements and requirements. Cooper et al. (2004c) 
discussed how the VOC must accurately capture the needs, problem statements, desired 
benefits, and required functionality the product must realize. Cooper et al. (2016) further 
discussed the impact of agile development methodologies in NPD through more frequent 
feedback and validation inputs from the customer. As the customer’s understanding of the 
product evolves, the NPD team can adapt changing customer needs or requirements. Zhan 
et al. (2018) and Omar et al. (2019) expanded upon the need to gather the VOC using 
technology and Industry 4.0 systems and processes and magnitude of enterprise data 
generated (i.e., Big Data) to maximize the feedback from customers throughout the NPD 
process from concept generation to design and engineering, test, and launch. The research 
demonstrated the need for data scientists to apply analytics to enterprise data, social media 
data, and machine-generated sensor data to improve visibility of customer feedback 
throughout NPD. Cooper (2019) emphasized the importance of conducting a thorough 
market research and VOC prior to design. In addition to the front end, the customer input 
should be gathered iteratively throughout the entire NPD project from the initial virtual 
concepts to the rapid prototype, working model, physical prototypes, and final product. 
Gathering customer inputs, testing, and value statement feedback at each step of the way 
promotes the NPD team to “fail often, fail fast, and fail cheaply” (p. 39). Finally, Cooper 
(2019) also overlaid this iterative customer approach with the stage-gate process. Senior
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management and leadership must ensure the customer feedback gained through the 
iterative test cycles is used to improve the NPD project value delivery. Finally, Cooper 
(2019) discussed the importance of a well-planned and properly resourced launch in terms 
of sales and technical support, among other front-line personnel, to support the customer 
and enable a successful market launch.
2.2.2. Front to End Execution -- Inputs -  Competition Benchmarking. The
CSF found in prior research supporting the front to end execution, inputs, and competition 
benchmarking grouping includes:
CSF3: Organization benchmarks the competition during NPD (i.e., products, pricing, and 
strategies).
In terms of competitive benchmarking, Connell et al. (2001) focused on critical 
innovation factors for project success, one of which is external factors such as the 
competitive environment. Cooper et al. (2004c) discussed the need for companies to offer 
a competitive advantage by developing a differentiated product with superior value in the 
marketplace. The research focused on the importance of quality market information on the 
front-end of NPD including competitive products, pricing, and strategies. Of the 105 U.S. 
businesses studied, the percentage of worse, average, and best NPD performers with solid 
competitive information on the front-end was 26.9 percent, 38.1 percent, and 72.4 percent, 
respectively. This data demonstrated the importance the best NPD performers place on 
gathering competitive information. Further, this research noted companies must focus on 
offering products with new and unique benefits not found in competitive products; offering 
products superior to the competition in terms of meeting the customer needs and solving 
the customer problem statements; and offering products superior in quality compared to 
the competition as measured by the customer. Benchmarking the competition helps NPD
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organizations understand the competition strategy and drive decisions in NPD execution 
enabling a competitive advantage in the marketplace. Cooper et al. (2004c) recommended 
the NPD stage-gate process document the need for NPD teams to focus on product 
advantage and superiority in the execution of NPD through collecting competition 
information including prices, products, and strategies on the front-end of NPD.
Similarly, Kumar et al. (2006) and Raharjo et al. (2010) focused on integrating 
benchmarking analysis and Quality Function Deployment (QFD). By using the QFD 
process, an NPD team documents the customer perception of the product versus the 
competition in terms of meeting customer needs and identifies the “best-in-class” 
product(s) in the industry. QFD enables the NPD team to scope the competitive 
benchmarking analysis, gather appropriate information, drive decisions and trade-offs to 
improve the product definition, and best meet the customer and technical requirements 
versus the “best-in-class” competitive landscape.
Khan et al. (2013) discussed the need for organizations to create a knowledge-based 
engineering (KBE) system where knowledge is captured and can be easily retrieved and 
reused by the NPD team. Zawadzki et al. (2016) and Ahmed et al. (2019) further discussed 
making the KBE system proficient and operational through the implementation of 
intelligent systems and processes within Industry 4.0. These capabilities enable easier 
access to the competitive benchmarking information to apply within its NPD projects.
2.2.3. Front to End Execution -- Inputs -  Supply Base Experience. The CSF 
found in prior research supporting the front to end execution, inputs, and supply base 
experience grouping include:
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CSF4: NPD team considers the supply base knowledge and experience with the 
technology.
The importance of concurrent rather than sequential engineering in NPD was 
emphasized by Takeuchi et al. (1986). Problems in NPD tend to occur at the handoffs from 
one group to another. Engaging all team members, including suppliers, from the start of 
the NPD process builds speed and flexibility and enables seamless handoffs. The 
engagement across multiple functions and with suppliers allows the NPD project team to 
understand the cross-functional and supply base experience and knowledge early in the 
NPD project. One example discussed by Takeuchi et al. (1986) is how suppliers can be 
engaged during the design phase and ensure the design is producible at production volume 
levels. The approach offers shared responsibility and ownership as well as creates an 
environment of intense focus and responsive problem solving.
Supplier engagement in NPD was further studied by Ragatz et al. (1997) through 
an investigation of the factors differentiating the most and least successful integration 
practices. Sixty companies were surveyed with each identifying the most and least 
successful example of supplier integration. Each company also rated the impact of various 
management practices for successful supplier integration. Ragatz et al. (1997) developed a 
framework of considerations for successful supplier integration into NPD including 
relationship structuring differentiators and asset allocation differentiators. Relationship 
structuring differentiators include top management commitment from both the buyer and 
supplier; confidence in supplier’s capability; joint agreement on performance measures; 
formal trust development practices; shared education and training; and formalized 
risk/reward sharing. These differentiators create an environment promoting information 
and knowledge sharing as well as to align key performance measures defining the criteria
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for success. Asset allocation differentiators include intellectual assets, such as technology 
information, customer requirements, and direct cross-functional intercompany 
communication; human assets, such as supplier participation on the NPD team and co­
location; and physical assets, such as common and linked information systems, technology 
sharing, and shared plant and equipment. These differentiators create knowledge and data, 
allocate tools and resources, and engage the supplier and buyer in decision-making to meet 
customer requirements. Other foundational elements include confidentiality agreements, 
formal supplier capability assessment, and formalized process for supplier selection, 
among others.
In a follow-on study, Ragatz et al. (2002) focused on a model of supplier integration 
and studied the impact of supplier capability alignment; buyer and supplier integrative 
strategies; team communication and decision-making processes; and technology 
uncertainty on NPD project outcomes (i.e., cycle time, quality, and cost). The research 
conveyed the alignment of the supplier’s capability to the buyer’s need, the supplier 
integrative strategies into the NPD project, as well as the team communication and 
decision-making processes are all important factors impacting the NPD project outcome. 
Ragatz et al. (2002) also noted the importance of relationship structuring and creating an 
open environment to share technical information including technology roadmaps. Supplier 
integration becomes even more important in the presence of technical uncertainty to 
problem solve effectively and efficiently and deliver NPD project outcomes successfully.
Peterson et al. (2003) further developed a model for successful supplier integration 
into NPD, focused on the executional level for supplier integration, and validated the model 
using a survey methodology. The research agreed with previous research that a supplier’s
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engagement on the NPD project team seems to result in the greatest benefit, especially 
when the technology being developed is in the developmental stages. In addition, a formal 
supplier selection process should be established to evaluate and assess the selection of the 
right supplier with the appropriate expertise and capabilities based on the technology being 
developed. Other learnings include higher levels of information sharing and supplier 
engagement in the decision-making process result as the supplier learns more and gains 
more knowledge about the NPD effort; technology information sharing results in both 
increased supplier engagement and improved NPD project outcomes; increased supplier 
engagement generally results in a greater ability to achieve NPD team goals; and, in the 
presence of technical uncertainty, information sharing is more likely to occur between the 
buyer and seller with the resulting risks best mitigated through increased technology 
sharing and integration of the supplier directly onto the NPD project team.
The purchasing function and role of purchasing in the NPD process were 
investigated by Schiele (2010). The methodology included a benchmarking study of six 
best-practice companies and reported three main findings related to the current research. 
Schiele (2010) concluded the need to link a company’s technology roadmap for innovation 
strategy to the sourcing strategy. This linkage provides a critical input to the supplier 
selection process for defining a supplier network for a company’s NPD projects. The 
research also concluded the purchasing organization should place a separate focus on NPD 
projects through implementing a sub-departmental team structure. One team focuses on 
NPD projects (i.e., advanced sourcing team), while another team focuses on supplier 
management with a stronger commercial focus (i.e., lifecycle or strategic sourcing team). 
This organizational structure enables the purchasing function to integrate into all NPD
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projects with a focused effort. Lastly, Schiele (2010) concluded the NPD process should 
include purchasing specific cross-functional stage-gate deliverables. This formal 
documentation ensures purchasing engagement throughout the NPD project with clearly 
defined deliverables and success criteria.
Industry 4.0 technology and capabilities related to supply chain were studied by 
Bar et al. (2018) and Manavalan et al. (2019). Bar et al. (2018) focused on a framework 
and strategy for implementation of Industry 4.0 capabilities into small and medium sized 
enterprises. Industry 4.0 includes technologies such as cyber-physical systems, smart 
manufacturing, Internet of Things (IoT), radio frequency identification devices (RFID), 
Virtual Reality (VR), Augmented Reality (AR), and Artificial Intelligence. The benefits of 
these technologies include the integration of stakeholders for exchange of information; 
opportunity for product design, planning, and production processes for customization; 
ability to provide process transparency of all interconnected touchpoints for improved 
decision making; flexibility in production processes to meet changing customer 
requirements; improved resource efficiency to optimize production processes; availability 
of real-time data for process and supply chain network visibility; automation of routine 
tasks to enable employees to focus on communication and other value added tasks; 
availability of customer data for customer driven decisions; and increased customer 
satisfaction due to the implementation of these factors. The implementation of these 
capabilities is important for companies to drive operational efficiencies and enable the 
supply chain to better meet the ever-changing needs of its customers throughout the product 
lifecycle in the competitive marketplace. Manavalan et al. (2019) further focused on the 
sustainable supply chain and developed a framework for making an assessment for the
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readiness of these Industry 4.0 technologies and capabilities. The framework focused on 
five categories including business, technology, sustainable development, collaboration, 
and management strategy. The resulting criteria and attributes establish a foundation for 
the transformation into a digital enterprise.
2.2.4. Front to End Execution -- Inputs -- Requirements. The CSF found in 
prior research supporting the front to end execution, inputs, and requirements grouping 
include:
CSF5: NPD project has clearly defined requirements and specifications.
Several studies investigated the impact of requirements on the NPD process. For 
example, Forsberg et al. (1992) focused on a Vee model (also known as the project cycle) 
system engineering approach to the requirements definition, design, build, verification, and 
validation processes in NPD. The model is requirements-driven starting with identifying 
customer needs, translating these customer requirements into a set of system requirements, 
and placing the baselines under change control. The system requirements are then broken 
down into ‘concept’, ‘system performance’, ‘design-to’, and ‘build-to’ baselines at the 
system, subsystem, assembly, and component levels on the left-hand side of the Vee. At 
each step of the decomposition there is cross-functional engagement to identify risks and 
mitigations with the agreed upon decision documents and specifications placed under 
change control. Note the verification and validation (V&V) plans are established along­
side the requirements to ensure the requirements can be measured and verified. On the 
right-hand side the components, assemblies, and subsystems are then integrated into an ‘as- 
built’ baseline and the components, assemblies, subsystems, and resulting system are 
verified and validated against the configuration item specifications. The core of the Vee
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model is the configuration control of the approved baselines on the left- and right-hand 
sides as the system flows from the customer needs identification to the requirements 
definition, design, build, verification, and validation phases.
Cooper et al. (2004c) focused on the need to have a sharp, early (front-end), and 
fact-based product definition in NPD. This involves quality of execution of the up-front 
activities including VOC to identify customer needs and problem statements, market 
research, idea generation, initial idea screening, preliminary market assessment, 
preliminary technical assessment, preliminary operations assessment, concept testing, 
value assessment, and business/financial analysis. In addition, there must be clear 
documentation of the customer value proposition, target market, positioning strategy 
versus the competition, and product concept. Once clearly defined, the product’s features, 
requirements and specifications can be finalized. The research stated the best-practice 
companies have the product definition complete prior to the NPD development phase and 
no project should start development without the product definition in place. Cooper et al. 
(2004c) noted some companies use a contract to define the product definition and project 
before the development phase begins. Once signed and agreed upon by the project and 
management/leadership team, any changes must be agreed upon by all signees of the 
contract. This builds in stability and rigor into the process and prevents scope creep in the 
NPD project, unless agreed upon by all.
Requirements engineering methodologies for complex systems were discussed by 
Bijan et al. (2013). A requirement is defined as a condition or capability needed by a system 
or component to achieve a specific objective. Requirements must be necessary, attainable, 
complete, unambiguous, understandable, identifiable, free of duplicates, traceable to
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source, free of contradictions, feasible, verifiable, atomic, and correctly derived. The 
techniques and methods discussed in this research help the NPD team conduct the 
challenging tasks of identifying customer needs, prioritizing needs, and transforming needs 
into requirements. The research developed pros and cons for each method. Requirement 
facilitation methods capture customer expectations of the system; group and categorize 
needs; understand real customer needs; and link requirements to a specific scenario. These 
methods provide clarity and achieve a better understanding of what the system is supposed 
to do. Requirements prioritization methods help to understand which requirements are most 
important to the customer when conducting risk analysis, managing interdependencies and 
trade-offs, conducting value assessment, and understanding frequency of follow-up with 
the project team. The requirement transformation methods aid the NPD team in gaining 
further clarity on the requirements definition by understanding the attributes the system 
must exhibit; defining the architecture(s); understanding the feasibility of the selected 
architecture(s) to meet the intended requirements; understanding the relationships and 
interdependencies among requirements; understanding the content of the requirement in 
terms of what needs to be controlled and why; and allowing users to validate the 
requirements by observing the system behavior with a rapid prototype. The challenge is for 
the NPD team to recognize the quality level of the requirements definition as well as the 
interdependencies between requirements, external systems, and environment in which the 
system operates. The NPD team needs to optimize, conduct sensitivity analysis, and 
conduct impact analysis as the team evolves the customer needs into a complete, 
unambiguous, and high-quality requirements definition.
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The effect of requirement definition and management on performance outcomes in 
NPD were studied by Yang et al. (2015). The research noted the importance to define the 
robust design methodology (RDM) process, integrate the process into the NPD process, 
train NPD teams in practice, and continuously improve the process over time. The 
sustained implementation of the requirement definition and management initiatives 
directly impacts the requirement quality and stability in NPD. NPD project managers 
should closely monitor requirement quality and stability throughout NPD. Continuous 
improvement initiatives should focus on consistency, verifiability, prioritization, and 
eliminating ambiguity in the requirement definition and management process.
Further, Cooper (2019) built upon the need to have a sharp, early, and fact-based 
product definition. The value documented in the research included an increased focus of 
the project team on the pre-development activities; communication of a clear product 
definition to all cross-functional team members; opportunity to obtain feedback to evolve 
the product design; opportunity for improved NPD success; and opportunity for improved 
NPD throughput time.
2.2.5. Front to End Execution -- Robust Methods -  Design, Manufacturing,
and Assembly. The CSF found in prior research supporting the front to end execution,
robust methods, design, manufacturing, and assembly grouping include:
CSF6: NPD team focuses on robust methods o f design in the product or process.
CSF7: NPD team focuses on robust methods o f manufacture and assembly o f the product 
or delivery o f the service.
Summaries of the existing research studies are broken down into the subsections 
concurrent engineering and design for X (DFX); robust design, verification, and validation; 
and KBE and Industry 4.0.
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2.2.5.I. Concurrent engineering and DFX. A survey of 30 NPD managers and 12 
R&D directors was conducted by Millson et al. (1992) to understand approaches to 
accelerate NPD. Five major approaches were identified from the research including 
simplify, eliminate delays, eliminate steps, speed up operations, and parallel processing. 
The research also noted the importance for the organization to have a supportive corporate 
culture. By focusing on these approaches in the development of quality products, NPD 
teams can engage the cross-functional team early to focus on proactive planning in the 
NPD project; engage R&D and manufacturing early to optimize the product design and 
associated manufacturing processes; simplify processes, communications, and interfaces 
to make tasks easier to manage and perform; eliminate non-value added tasks; implement 
technology to make process steps more efficient; and perform tasks with high-quality and 
right the first time to eliminate the need to redo tasks; among others.
Kuo et al. (2001) focused on DFX including design for manufacture, assembly, 
maintainability (service), quality, reliability, environment, disassembly, recyclability, and 
lifecycle. With DFX, the cross-functions are engaged in the NPD project early when the 
cross-functional input can influence decisions made in the design process. The 
implementation of these methods can lead to a simplified product, improved quality, 
improved producibility, reduced total lifecycle costs, and a more predictable product that 
better meets the customer needs. Kuo et al. (2001) also discussed the need to have a 
knowledge-based system where designers can retrieve information on design features and 
related lifecycle issues to those features.
The methods and tools of concurrent NPD and agile manufacturing were discussed 
by BuyuKozkan et al. (2004). Agile manufacturing relates to the ability of an organization
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to respond to uncertainty and continuous change in a dynamic competitive environment to 
meet customer needs and requirements. Concurrent engineering leverages a cross­
functional synergy throughout NPD such that product design and related cross-functional 
processes are developed in parallel, rather than in series. This coordination and 
collaboration between functions enable product designs that are right the first time with 
improved product quality. Concurrent engineering is an enabler for agile manufacturing to 
identify lifecycle issues early in parallel to the product design activities. To be successful 
an organization must focus on methods and tools for improved collaboration; improved 
communication; and consistent and accurate product definition. In terms of methods and 
tools, the research focused on networking and management tools; modeling and analysis 
tools; predictive tools; and intelligent tools. One example of a networking and management 
tool is the use of design reviews in NPD when transitioning from one stage to another. 
Cross-functional design reviews are held to assess the product design against pre-defined 
criteria and gain alignment from all cross-functional stakeholders. The research noted the 
use of a collaborative design review portal that provides an online environment to manage 
design documents, support decision-making activities, and organize and conduct a design 
review. Other methods and tools listed include intelligent computer aided design 
(CAD)/computer aided manufacturing (CAM), DFX, QFD, Taguchi method, failure mode 
and effects analysis (FMEA), functional analysis, fault tree analysis, rapid prototyping, and 
KBE, among others.
2.2.5.2. Robust design, verification, and validation. As previously discussed, 
Forsberg et al. (1992) focused on a “Vee” model system engineering approach to the 
requirements definition, design, build, verification, and validation processes in NPD. In
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this model, the V&V plans are established, and configuration controlled along-side the 
requirements to ensure the requirements can be measured and verified. On the left-hand 
side of the “Vee” the system, subsystem, assembly, and component level requirements and 
design baselines are established. On the right-hand side the components, assemblies, and 
subsystems are then integrated into an ‘as-built’ baseline and then verified and validated 
against the configuration item specification baselines.
Hasenkamp et al. (2007) focused on implementation guidelines for an RDM in a 
generic four phase product design process including planning and clarifying the task, 
concept design generation and screening, embodiment design, and detail design. Robust 
design focuses on the awareness of variation throughout all phases of design. The goal of 
RDM is to understand the sources of variation (i.e., noise factors) and design products that 
eliminate or de-sensitize the impacts of these sources. As a result, the product performs 
more consistently in operation. During the planning and clarifying phase the NPD team 
understands how the existing product’s performance is affected by deterioration and 
customer usage including long-term reliability. In addition, preliminary target values are 
established after translating the customer needs into product characteristics. QFD is one 
RDM to apply in developing target values. During the concept design generation phase 
concepts are generated and documented with RDM-related ideas and lessons learned from 
previous NPD projects, existing product experience, and competitive benchmark testing 
taken into consideration. During this phase a P-diagram is also typically developed. The P- 
diagram helps engineers categorize the inputs, outputs, design factors, and noise factors. 
Through this process the engineer formulates the design problem by understanding the 
context of the product in the overall system and by understanding the noise factors causing
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performance variation. Another concept generation technique used to develop RDM 
concepts is cross-functional brainstorming with participation from engineering, 
manufacturing, assembly, suppliers, and customers, among other NPD team members. 
During the concept design screening phase, the product characteristics are further refined 
along with an understanding of the sensitivity of the concepts to different customer 
environments and variation in production and/or assembly. Finally, the severity of the 
identified noise factors is documented. During the embodiment phase the interactions 
between the product characteristics, design factors, noise factors, and resulting level of 
robustness are further studied through analysis and physical prototypes for the design 
concepts with well-planned experiments. In addition, design principles and guidelines are 
considered as the concepts build maturity. During the detailed design phase transfer 
functions are developed with the design factors and tolerances are optimized with respect 
to variation. Tolerance optimization must be discussed cross-functionally to minimize the 
overall total cost (i.e., cost to manufacture and cost to customer). Hasenkamp et al. (2007) 
concluded effective RDM implementation creates an environment where the NPD team 
understands the sources of variation and resulting impact of noise factors on the product 
performance. The RDM tools and methods are available depending on the situation to assist 
the NPD team with facilitating the RDM process steps. The research also recommended 
key RDM questions be built into the structured gate reviews between the design phases to 
keep the focus on RDM throughout NPD.
In a follow-on study, Hasenkamp et al. (2009) focused on a framework for 
implementing RDM through highlighting the importance of developing principles and 
practices to support the tools of RDM. The principles are the guiding reasons for why an
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NPD team needs to consider RDM. The principles defined by the research are awareness 
of variation, insensitivity to noise factors, and continuous applicability. The practices then 
specify the activities necessary to fulfill the principles. The practices provide the linkage 
between the principles and tools. Examples of practices in the research include focus on 
the customer; identify and understand noise factors; check the assumptions; exploit 
nonlinearities and intersections; design for insensitivity to noise factors; and use 
conventional design rules. The tools then provide the instructions for how to put the RDM 
practices into action. Example of tools include QFD, Variation Mode and Effects Analysis 
(VMEA), FMEA, P-diagram, mathematical modeling, experience and prior knowledge, 
design of experiments, transfer functions, quality loss function, and integration of RDM 
into the development process. The associated tools are aligned to each practice and selected 
based on the specific project need. The RDM framework provides a structure explaining 
why RDM is important (i.e., motivation), then explains the associated practices and tools 
supporting the guiding principles.
A framework for design V&V in the product lifecycle was developed by 
Maropoulos et al. (2010). Verification is a quality control process used to evaluate whether 
the product or system meets the requirements and specifications. Validation is a quality 
assurance process used to provide evidence the product or system meets the needs of its 
intended use as defined by the customer. The framework proposed by Maropoulos et al. 
(2010) consisted of the following elements including design requirements and specification 
capture; digital product and process V&V; physical product and process V&V; system and 
network design V&V; and design V&V management in product lifecycle management 
(PLM). In the early stages of the design process it is important to document the technical
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and lifecycle requirements and specifications. Methods discussed include product idea 
validation and market analysis to identify and prioritize the customer needs; QFD to 
translate the customer needs into design requirements, part characteristics, manufacturing 
operations, and production requirements; functional decomposition and flow analysis to 
develop an understanding of the product or system functions and sub-functions that must 
be verified and validated; the use of key characteristics in design to identify and reduce the 
root cause(s) of variation; and DFX to give the designer early awareness of cross-functional 
related inputs providing product lifecycle value. The digital product and process V&V 
include digital mock-up tolerance analysis and optimization; process modeling and 
planning; virtual assembly modeling and tooling; virtual verification measurement and 
inspection planning; and computational methods for product optimization. Methods 
discussed include digital mock-up or virtual prototype for concurrent engineering 
verification of the product functional requirements and performance; tolerance analysis and 
optimization methods to demonstrate the product functions and assembles with the set of 
tolerances on the product specification; structural function verification and finite element 
analysis to verify and validate the product design; design function verification using 
computational fluid dynamics; feature-based design for integration of CAD, CAM, and 
computer automated process planning (CAPP) verification; virtual assembly modeling and 
simulation (i.e., VR, AR) to support assembly process planning (APP); digital assembly 
modeling to support tooling and fixturing design; measurement and inspection planning 
techniques to support computer aided inspection planning (CAIP); metrology process 
modeling for verification planning; and measurement and inspection equipment selection. 
The physical product and process V&V include dimensional and shape verification;
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process V&V; product testing and validation; and enabling technologies. Methods 
discussed include dimensional and shape V&V to ensure product conformance to the 
product definition; measurement equipment V&V; mechanical design V&V testing; flow 
related physical V&V testing; Taguchi’s robust design, statistical process control, and 
design of experiments to understand the impact of variation on the system performance; 
and six sigma and root cause analysis methodology to enable tools, training, and 
measurements for improving the product quality. The system and network design V&V for 
manufacturing systems include digital modeling and verification and physical real-time 
system V&V. Methods discussed include discrete event modeling and simulation; and 
RFID methods for verification of production logistics and collection of real-time data. 
Methods for the lifecycle verification of complex products discussed include enabling 
technologies and standards for PLM to capture and re-use product related data; enabling 
the use of the “Vee” model for system engineering V&V; and enabling a formal robust 
design and V&V methodology in the global organization.
RDM implementation was also studied by Fazl Mashhadi et al. (2016) through a 
practical industrial application. The robust design principles or values defined by Volvo 
provided an expanded perspective versus the RDM principles discussed in Hasenkamp et 
al. (2009). In addition to variation awareness and insensitivity to sources of variation, 
Volvo defined additional values with focus on the customer, transparency and 
communication between cross-functional stakeholders, and knowledge sharing through 
documenting and sharing the knowledge and practices. To support the five principles, 
Volvo implemented eight practices describing the RDM activities necessary, importance 
of each activity, and deliverables expected by each stage in the NPD process. The first
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three practices focused on system design including customer-focused requirements 
management, functional approach, and systematic concept evaluation and selection. The 
second three practices focused on parameter design including structured parameter study, 
proactive risk management, and robust parameter design. The seventh and eighth practices 
focused on robust tolerance design and customer-focused V&V. The practices proposed 
several quality tools, but did not mandate the use of specific tools. Each department had 
knowledge managers aiding the NPD teams select the right tools for each project and 
transfer the lessons learned from other projects. The knowledge managers were the trainers 
for robust design in the organization and were continuously getting trained themselves on 
tools and on increasing the company’s awareness of variation. Each practice also had a 
practice owner in the product development line organization who further developed the 
practices, deployed training, and shared best practice examples from NPD projects. The 
practice deliverables were integrated into the stage-gate NPD process. The deliverables did 
not call out the use of a specific tool, but focused on the tangible deliverables and expected 
criteria. The gate deliverables were supported by the guidelines and procedures called out 
in the practices. The research noted documenting the robust design expectations in the NPD 
stage-gate process was useful for NPD teams to integrate the robust design practices into 
daily project work.
A mathematical model was developed by Mobin et al. (2019) to plan the design 
V&V activities considering the priorities of the failure modes from the design failure 
modes and effects analysis (DFMEA). The process starts with using the DFMEA to 
document the failure modes; severity, occurrence, and detection scores; and resulting risk 
priority number (RPN), which is a product of the severity, occurrence, and detection scores.
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Mitigation actions are then determined for each failure mode, some of which drive V&V 
testing. The V&V testing are then prioritized based on the development time and cost 
constraints of the NPD project to provide the highest reduction in the failure mode RPNs. 
After the V&V testing, the DFMEA is updated to reflect the results of the product testing 
and an updated RPN is calculated. Mobin et al. (2019) noted the process is iterative to 
achieve the maximum reliability improvement.
2.2.5.3. KBE and industry 4.0. As previously discussed by Khan et al. (2013), 
Zawadzki et al. (2016), and Ahmed et al. (2019) an organization needs to create a KBE 
system where knowledge is captured and easily retrievable by NPD teams. The KBE 
system enables the subject matter experts or knowledge managers to store documented 
lessons learned and NPD teams to easily access RDM, V&V, lessons learned, and other 
product development information related to the technology being developed to apply 
within its NPD projects.
The inclusion of a hybrid prototyping approach in the design verification process 
using VR based visualization (i.e., accessibility and configuration verification studies) and 
rapid prototyping (i.e., prototype produced directly from a digital model of the product) 
was discussed by Zawadzki et al. (2016). These techniques enable designers and cross­
functional stakeholders on the NPD project team proactively identify issues early in the 
design process. Wolfartsberger (2019) further focused on the use of VR to gather cross­
functional inputs and simplify collaborative decision making in the design review process 
through intuitive assessments of virtual prototypes of a product design. The VR capabilities 
allow the user to look and walk; touch and highlight; change the position of a component 
in 3D space, separate and merge groups based on the CAD structure; hide and show objects
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to focus the user’s view; and teleporting in three-dimensional space. A preliminary study 
was conducted with 72 users to assess the tool versus usability and user experience. A 
follow-up study was conducted in an industrial setting with 16 participants to compare the 
VR-based design review with a traditional method using a CAD software-based design 
review. The research demonstrated users found slightly more faults in the VR-based design 
review than in the traditional method. Cross-functional stakeholders in service and testing 
preferred the VR-based design review because it more closely aligns with their real work 
routines. Wolfartsberger (2019) also noted VR does not replace the traditional design 
review methods, but has the potential to accelerate the design review process through its 
immersive and intuitive experience.
2.2.6. Front to End Execution -- Outputs -  Superior Quality. The CSF found 
in prior research supporting the front to end execution, output, and superior quality 
grouping includes:
CSF8: NPD team focuses on superior quality in the product or process.
Research conducted by Cooper (1990) demonstrated a strong linkage of NPD 
success to high quality NPD process execution. Based on the firm’s studied, the research 
study concluded new product programs did not exhibit quality process execution with NPD 
execution being incomplete, chaotic, disorganized, and/or under-resourced. The thirteen 
common NPD processes studied included initial screening, preliminary market assessment, 
preliminary technical assessment, detailed market study/marketing research, 
business/financial analysis, product development, in-house product testing, customer test 
of product, test market/trial sell, trial production, pre-commercialization business analysis, 
production start-up, and market launch. Only four of the 203 new product projects studied
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executed the NPD processes with high quality. The processes exhibiting the highest 
variation in quality between success and failure were the early activities in the NPD 
processes including the pre-development and market-oriented steps. Cooper (1990) 
continued to emphasize a quality focus stems from the presence of a stage-gate process or 
NPD roadmap with clear high-quality criteria established for each gate. This provides a 
blueprint for the NPD team, NPD project leader, and senior management/leadership to 
navigate the NPD process with consistent criteria to gage the success and quality of 
execution of each NPD process step. Cooper (1990) also emphasizes the need to have 
cross-functional engagement (i.e., multifunctional and multidisciplinary) throughout the 
NPD project. This ensures the appropriate inputs are gathered concurrently as the NPD 
process is executed. In addition, Cooper (1990) suggests gate reviews have allocated time 
to assess the quality of the NPD project from a business perspective to drive a 
go/kill/hold/recycle decision. In addition, the gate review should drive an approved action 
plan with the appropriate resource allocation. To move the needle on delivering superior 
quality, executing NPD processes with cross-functional engagement, assessing the overall 
NPD project gate, and focusing senior management and leadership on the resulting gate 
review action plan must be considered throughout the NPD project.
Optimizing the stage gate process was further expanded upon by Cooper et al. 
(2002b) through incorporating “tough gates” and presenting methods to focus on “doing 
projects right” . While a company may have a well-documented NPD process, organizations 
often lack the discipline and resources to execute the process steps with high-quality. The 
research emphasizes the importance to have go/kill decision points in gate reviews with 
clearly defined business criteria for these decisions. Senior management and leadership
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must be engaged in gate reviews to review supporting information and data, as well as the 
NPD project team’s recommendation, and make tough go/kill and prioritization related 
decisions. Overall, NPD success lends itself to having senior management, such as the 
business leadership team, engaged as sponsors and decision-makers throughout the NPD 
project, ensure the right resource allocations to execute NPD process steps with a high- 
quality mindset.
The research conducted by Cooper et al. (2004b) found a strong correlation between 
NPD success and adequate cross-functional (i.e., sales, marketing, manufacturing and 
operations, and technical) resource availability. The worse performing businesses had 0 
percent, 3.8 percent, 12.5 percent, and 23.1 percent sufficient resources allocated to NPD 
projects in sales, marketing, manufacturing and operations, and technical cross-functions, 
respectively. The best performing businesses had 60.7 percent, 20.7 percent, 34.5 percent, 
and 44.6 percent sufficient resources allocated to NPD projects in sales, marketing, 
manufacturing and operations, and technical cross-functions, respectively. Based on this 
research, it is evident resource availability is a concern across all of the businesses studied. 
Another conclusion found by Cooper et al. (2004b) was NPD project resources are not 
focused or dedicated to the assigned NPD project. The team members work on other 
priorities in addition to supporting the NPD project. This leads to a lack of focus and 
reduced quality-in-execution. In summary, resource availability is an area where senior 
management and leadership must ensure time commitment to the NPD project is 
quantitatively documented and agreed upon or move to a fully dedicated resource model 
for NPD execution. Cooper et al. (2004c) discussed that senior management and leadership 
must instill a “quality-of-execution” and “doing it right the first time” mindset. Having a
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disciplined NPD process with built-in quality-of-execution standards, clear deliverables, 
as well as strict enforcement and adherence, should result in better quality-of-execution.
Carbone et al. (2004) focused on the identification and mitigation of project risks 
through use of a project risk failure modes and effects analysis (RFMEA). The definitions 
used in this research closely align with the Project Management Body of Knowledge 
(PMBOK). The RFMEA approach modifies the standard FMEA format by focusing on the 
project environment and functions in conjunction with the design, process, and service 
FMEAs supporting the project. A case study example is presented to demonstrate the use 
and application of the RFMEA process and convey a method for prioritizing the high risks 
based on a risk score critical value. Applying the RFMEA at the project level ensures the 
appropriate risks are identified, prioritized, owned, controlled, and mitigated with the 
appropriate contingency plans to improve the project success. The RFMEA can also serve 
as a reference for future projects to carryover the project specific knowledge and lessons 
learned.
The effect of the FMEA tool was further studied by Segismundo et al. (2008) to 
increase the chance for successful NPD project management through improving visibility 
of technical project risks and decision-making process in NPD. This research defined 
project risk in terms of the PMBOK as an uncertain condition with potential to positively 
or negatively impact scope, cost, and quality, among others. Segismundo et al. (2008) 
further demonstrated the application of the FMEA in providing information and inputs to 
the decision-making process in NPD. The research conveyed a practical example and 
approach in using FMEA as a risk management tool to drive these decisions of the end- 
product at the various system, sub-system, and component levels across various NPD
104
projects. The research also used a Master DFMEA at the end-product level along with a 
method for calculating a weighted RPN for the end-product based on the system and sub­
system RPN, as well as the importance of the system and sub-system in the overall end- 
product. The research proposed a monthly follow-up on the DFMEA actions and a roll-up 
of the open risks at the end-product, system, sub-system, and component level. This regular 
risk review with trend charts allows the NPD project team and management to keep the 
risks visible and ensures the appropriate Plan, Do, Check, and Act (PDCA) cycle is 
monitored for all yellow and red risks. By summarizing the risks and trends at the project 
level, management can use this information to make decisions to accept the risks or allocate 
resources to focus on the required actions to mitigate the risks. The continuous monitoring 
of the DFMEA risks and action plans allows the NPD project risks to be visible and drive 
the necessary decisions and actions as the project progresses to improve post-launch 
product quality.
Leadership’s role in shaping an organization’s quality culture was investigated by 
Oakland (2010) to understand how to instill the proper mindset throughout the organization 
and establish a quality management system for sustained business success. One such 
approach is for leadership to implement Total Quality Management (TQM). To implement 
TQM, an organization must have a sound quality policy. The commitment to quality and 
execution of the company’s quality policy must start with top management and then be 
communicated and implemented by empowering employees at all levels of the organization 
and throughout the supply chain. With a clear vision and mission, the right focus and 
strategy, and supporting plans, leadership can instill a proactive, rather than a reactive 
approach, in managing quality. Oakland (2011) emphasized the need to focus on the 4P’s
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(planning, performance, processes, and people) and 4C’s (customers, commitment, culture, 
and communications) in executing the quality management system. Leadership must also 
identify the core processes and governance structure, including the owner of each core 
process; key performance indicators (KPIs) that measure the process performance; and 
regular review process of the quality management system to monitor progress and identify, 
prioritize, and resource continuous improvement initiatives where the core processes are 
underperforming. Leaders must ensure the organization is trained on quality improvement 
approaches and tools to support the continuous improvement initiatives. These continuous 
improvement initiatives must look to improve process KPIs and reduce variation in order 
for the business to deliver consistent and sustained performance to the customer year after 
year.
Pryor et al. (2011) focused on process management and the application of Juran’s 
quality trilogy, which includes quality planning, quality control, and quality improvement. 
In the quality planning stage, the organization identifies the customer requirements and 
needs, designs the product or service, and develops the associated processes that yield the 
product or service. In the quality control stage, the actual performance measures are 
compared against the projected performance. If the measures show a lower performance 
compared to the projected value, continuous improvement projects are identified, planned, 
executed, implemented, and then monitored during the quality improvement stage. Pryor 
et al. (2011) defines a process as the steps by which inputs, namely people, methods, 
machines, materials, environment, or culture, are converted or transformed into outputs, 
namely products and services. The research emphasizes the importance for processes to be 
owned, documented, measured, and continuously improved. The process owner is
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responsible for determining the relationship between customer satisfaction and quality 
level to establish the minimum threshold where continuous improvement is required. 
Process owners are empowered and accountable to take the necessary actions to ensure the 
process is delivering value in alignment to the customer requirements. Process 
management is an important element organizations must consider in order to sustain 
competitive advantage in the marketplace.
Risk management research in NPD was examined by Chauhan et al. (2018) to 
develop an integrated risk management framework for risk identification, risk assessment, 
and risk mitigation. The research provided an overview of the current body of knowledge 
in terms of risk management in the NPD process, suggested future research opportunities, 
and discussed practical implications for practitioners. The risk management framework and 
its associated methodologies for risk identification, risk assessment, and risk mitigation 
help an organization manage risks in each phase of the NPD process including concept 
development; technical design and development; prototyping and testing; and production 
and commercialization. The risk identification methods presented include the analysis of 
literature; expert interviews and surveys; and problem diagnostic models such as root cause 
analysis, event tree analysis, and fault tree analysis. The risk assessment methods presented 
include the FMEA, statistical methods for rating and ranking, Bayesian networks, 
probabilistic risk assessment, analytic hierarchy process (AHP), Markov process, and 
fuzzy approach. The risk mitigation methods presented include action/response plan, 
knowledge management, cost-based approach, QFD, heuristics, and monitoring and 
review. Chauhan et al. (2018) emphasized the importance of using these risk management 
tools throughout NPD to identify, assess, and mitigate risks at each phase and develop a
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successful product given the time and resource allocation. The research can also be used 
by managers to improve their NPD process by integrating a combination of the risk 
management tool portfolio presented.
Employing Industry 4.0 as a key enabler for the successful implementation of 
quality management practices was the focus of the research by Sadler et al. (2019). The 
term Industry 4.0 refers to the fourth industrial revolution and is focused on the integration 
of new technological smart and intelligent capabilities and systems into industry processes 
to achieve higher levels of business excellence, effectiveness, and efficiency. The research 
conveys the intersection where Industry 4.0 features such as interconnectivity, integration, 
and Big Data can improve the implementation of quality management approaches such as 
TQM and ISO (International Organization for Standardization) 9001. Interconnectivity is 
a feature where the production system is interconnected with real-time flow of data across 
the value chain. Integration is a feature where there is vertical (department to department), 
horizontal (customer to supplier), and end-to-to end integration with real-time access to 
data and information, improved collaboration, and real-time control is disseminated to the 
production floor. Big Data is a feature to manage the large amounts of data and information 
quickly and efficiently. The data and information can be used for analysis of historical data, 
data-driven and evidence-based decisions, and forecasting and predicting outcomes. 
Improving business excellence, effectiveness, and efficiency through Industry 4.0 enable 
organizations to achieve quality control and quality assurance in today’s competitive
environment.
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2.2.7. Front to End Execution -- Outputs -  Performance. The CSF found in 
prior research supporting the front to end execution, output, and performance grouping 
include:
CSF9: Products or service developed in NPD consistently offers a competitive advantage 
in the marketplace in terms o f performance.
Adams et al. (1998) studied NPD performance and discussed the importance of two 
success factors; offering customer value by developing a differentiated product and 
establishing a strong orientation in the market. The research further noted the need for the 
NPD team to thoroughly understand the needs and wants of the customer as well as the 
competitive and market ecosystems. The research studied the organizational learning 
barriers and suggested how companies can use market tools and techniques to enable the 
NPD team to overcome these barriers. Adams et al. (1998) discussed the market learning 
process as acquiring, disseminating, and using market information and the associated 
organizational learning barriers, avoiding ambiguity, compartmentalized thinking, and 
inertia, respectively. To overcome these barriers the research concluded companies must 
reduce ambiguity in the market information; achieve a common understanding of the 
market information on the NPD cross-functional team by developing NPD goals in how 
the market information is used; and use methods and tools that enable the NPD cross­
functional team to champion change in using the market information. Examples of actions, 
tools, and methods suggested by the research include cross-functional engagement in the 
acquisition of market and customer information; match the technology with the customer 
needs, not lead with the technology; use QFD to match customer needs with technical 
attributes; develop a common interpretation of the market information across the NPD 
team; develop common goals in how the NPD team leverages the market information in
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the NPD project; provide opportunities for the NPD team to learn more about new markets; 
and establish an environment where management encourages risk-taking; among others. 
Actions to remove these organizational barriers in the acquisition, dissemination, and 
utilization of the market information enable NPD performance.
The need for NPD projects to develop a differentiated product offering superior 
value in the marketplace was discussed by Cooper et al. (2004c). The research noted five 
areas the best NPD performers focus on. These include offering products with benefits 
important to the customer; offering products with new and unique benefits not found in 
competitive products; offering products that deliver superior value to the customer; 
offering products superior to the competition in meeting the customer needs and solving 
the customer problem statements; and offering products superior in quality compared to 
the competition as measured by the customer. The research focused on the importance of 
quality market information, VOC, and competitive information on the front-end of NPD. 
The VOC must accurately capture the needs, problem statements, desired benefits, and 
required functionality the product must realize. The front-end homework should also define 
the positioning of the product versus the competitive products from the customer’s lens. 
Cooper et al. (2004c) recommended the focus on product advantage and superiority be 
documented and executed in the NPD process. The focus must be on the front-end to collect 
quality market information, VOC, and competitive information. The gate reviews and 
criteria for the go/kill decision points must focus on these areas to evaluate the current state 
of the product definition against the organization’s need to provide product differentiation 
and superiority in terms of meeting the customer needs. Senior management and leadership
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Cooper (2019) further discussed the iterative nature of getting input from the 
customer throughout the NPD project from idea-to-launch. The research noted some 
companies incorporate multiple build-test-feedback-revise iterative steps in the NPD 
process where the customer provides feedback and verification along the way. This 
iterative process for customer input must be documented in the NPD stage-gate process. 
Senior management and leadership must hold the NPD team accountable to ensure the 
customer input, verification, and value statement feedback is gathered and used along the 
way to improve the NPD project value delivery.
2.2.8. Supporting Elements -  NPD Execution Process. The CSF found in prior 
research supporting the supporting elements and NPD execution process grouping 
include:
CSF10: NPD is clearly documented with stage/gate criteria and deliverables.
Cooper (1990) introduced Stage-Gate™, which is a patented trademark system for 
NPD. The typical five stage process presented by Cooper (1990) starts with an idea and 
then follows with a preliminary assessment gate, build business case gate, development 
gate, testing and validation gate, and production launch gate. Once an idea is generated, an 
initial screening gate is conducted with a subsequent gate review after each stage. After 
production launch, a post implementation review is conducted. Cooper (1990) further 
clarified the stage-gate process should be defined in the NPD process with the required 
deliverables for each gate. In the stage-gate process, a project leader and project team are 
defined. The gate reviews are attended by senior leaders, whose role includes reviewing
must hold the NPD team accountable and empower the team to deliver a product definition
that focuses on these key elements for success.
111
the status versus deliverables as defined in the NPD process, assessing the quality for each 
deliverable, assessing whether the project should go/kill/hold/recycle, and deciding on the 
next steps action plan. Senior leadership involvement is necessary throughout the gate 
process to ensure their commitment and engagement. According to a survey conducted by 
the Product Development & Management Association (PDMA), approximately 60 percent 
of the companies use a stage-gate process (Cooper et al., 2002a). Cooper (2019) reported 
the percentage has increased to 88 percent.
The PDMA survey (Cooper et al., 2002a) along with other research conveyed that 
many companies have further improved upon the stage-gate approach. Cooper et al. 
(2002a) discussed that in working with more than 500 companies, some companies 
included a discovery stage in front of the stage-gate system where ideas are creatively 
generated and developed by the organization and evaluated in Gate 1. Also included in the 
discovery stage is building the VOC. Some companies initiated an R&D focus in the 
discovery stage with technology development gates including a technical assessment and 
detailed investigation gate. These improvements help the ideas become more fully 
developed at the front end of the NPD process. This effectively manages the front end of 
the NPD process to ensure ideas are evaluated and dispositioned and customer 
requirements are better understood.
Another improvement in the NPD process is to focus on tough go/kill decision 
points in the gates. Cooper et al. (2002b) mentioned almost 50 percent of the firms surveyed 
did not have criteria established for the go/kill decisions points. Cooper et al. (2002b) 
discussed the need for the NPD process to have a scorecard with clear success criteria, such 
as “must meet” and “should meet” (p. 46), for each gate that is operation focused, readily
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available, and differentiating. In addition, senior leadership must be engaged in these gate 
reviews as the gatekeepers and prepared to make tough decisions. Cooper et al. (2002b) 
also focused on the need to have the stage-gate process defined in terms of project risk 
level and/or context type. NPD projects with lower technical and business risks and fewer 
impacts have lower hurdles and a more streamlined process. This differentiation ensures 
the NPD process is scalable and allows the flexibility and agility to bring some projects to 
market quicker. For larger and higher-risk projects, the full NPD process must be followed. 
In a similar study, Kahn et al. (2006) focused on important elements for companies to 
consider in developing an NPD process. These include the need for one formal stage-gate 
process for the organization; the need for the NPD process to be well-documented and 
visible; the need for the organization to be disciplined to use the NPD process; the need for 
clear and documented stage-gate go/no-go criteria; the need for the NPD process to be 
flexible and adaptable based on the project needs, size, and risk; and availability of the 
NPD process documentation via an intranet.
As discussed previously, Pryor et al. (2011) focused on process management and 
need for processes to be owned, documented, measured, and continuously improved. 
Process ownership is an important element for the sustainability of the NPD process and 
ensuring the right continuous improvement projects are prioritized to build in the lessons 
learned from past projects.
Khan et al. (2013) focused on core enablers for incorporating lean manufacturing 
principles into the NPD process. The principle focus in lean product development is value. 
The core enablers framework includes set-based concurrent engineering (SBCE), technical 
leadership, value focused development planning, knowledge-based environment, and
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continuous improvement culture. SBCE is a process where engineers develop sets of 
solutions concurrently and narrow these solutions with time as the knowledge evolves. 
Examples of techniques and tools used within the SBCE process include design in quality, 
robust design methods, QFD, digital engineering (e.g., CAD/CAM/simulation), and 
supplier SBCE, among others. Value-focused development planning focuses on value in 
both the product and customer as well as in the process and enterprise. Examples of value 
focus techniques include value stream mapping and customer focus (i.e., customer needs 
and wants), as well as multi-project planning and strategy. Technical leadership involves 
maintaining overall NPD project leadership throughout the duration of the project from 
concept to launch and ensuring the right cross-functional synergies are in place throughout 
the NPD project. Knowledge-based environment focuses on how knowledge flows to the 
right people at the right time. One key element is to ensure the organization has a learning 
culture and lessons learned from problem solving projects are captured in the 
organization’s knowledge repository in order for these learnings to be searched and reused 
during the upstream phases of the NPD process. Khan et al. (2013) also focused on 
instilling a continuous improvement culture, such that processes and design methods are 
standardized and continuously improved, based upon root-cause analyses, also known as 
5-whys, and resulting lessons learned as the organization executes the NPD process.
As companies gain experience with the stage-gate NPD process there are concerns 
with the rigidity of the stage-gate process. Cooper (2014) focuses on what is next after 
stage-gate considering the changing ecosystem with increased globalization, fierce 
competition, less predictability, and need to bring products to market faster. Refinements 
to the stage-gate process are necessary to bring more adaptability, flexibility, agility, and
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acceleration into the idea-to-launch process. To be more adaptive and flexible, the NPD 
process must include more iterative development activities, a faster and streamlined 
process for lower risk projects, flexible go/kill criteria at the gate reviews to include 
strategic criteria, and integration of the gates into portfolio management. Cooper (2014) 
further discusses the need to be more agile through the implementation of some elements 
of the agile development methodology, which was originally developed by the software 
industry, into the NPD process. Implementation of these elements improves focus on more 
frequent value demonstrations with customer input received early and NPD execution with 
a much leaner and less bureaucratic process with more focus on delivering value and 
including the necessary activities required to bring the product to launch. Further, the NPD 
process should be accelerated through a dedicated cross-functional team, more concurrent 
activities instead of sequential, and more focus on making the project scope clear and risks 
and uncertainties visible early in the NPD project. Another element considered was IT 
(Information Technology) infrastructure, which must support the NPD project team with 
improved efficiency and better communication.
The Agile-Stage-Gate hybrid approach was further studied by Cooper et al. (2016). 
In this hybrid approach, the NPD stage-gate process is executed along with time-boxed 
sprints with specific goals to bring a sense of urgency; daily scrum meetings where the 
team discusses the work activities completed in the previous 24 hours and focus of work 
activities for the next 24 hours; and review meetings to evaluate the results of the sprint. 
Visual tools such as product or sprint backlogs, sprint board, and burndown charts are 
developed in conjunction with the project management of the activities in the agile 
approach. The research communicated the benefits of implementing an Agile-Stage-Gate
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approach including flexibility of design with faster response to change; improved 
communication and coordination on the NPD team; improved progress tracking with visual 
boards; improved focus on the project with better prioritization; more efficient planning; 
improved team ownership; improved productivity; better fit between the work process and 
methods; higher morale on the NPD team; and team empowerment. The research 
recommended a pilot project with training on the agile methods be a focus for companies 
wanting to adopt this NPD hybrid approach.
With the start of the fourth Industrial Revolution (i.e., Industry 4.0) and 
introduction of digital smart technologies, there are new considerations with how these 
technologies can support the NPD process. Rauch et al. (2016) and Cooper (2019) discuss 
the integration of the NPD process with PLM from the idea or conceptual phases through 
product obsolescence. The information and communications technology and solutions in 
Industry 4.0 can support the NPD process through the integration of knowledge and people, 
as well as increasing the NPD process efficiency, by introducing new technological digital 
tools for connectivity, collaboration, visualization, and real-time monitoring (Rauch et al., 
2016). Rauch et al. (2016) conducted an analysis to illustrate the linkage between lean 
product development design parameters and Industry 4.0 technologies and promote a 
smarter product development process. Cooper (2019) discussed the need for an automated 
system to navigate the NPD team through the NPD process from idea-to-launch.
2.2.9. Supporting Elements -  Leadership Engagement. The CSFs found in 
prior research supporting the supporting elements and leadership engagement grouping
include:
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CSF12: Leadership/management is fully engaged in the NPD effort.
According to Takeuchi et al. (1986), it is necessary for top management to kick off 
the NPD process by communicating the strategic direction. The research noted 
management must establish checkpoints to ensure project stability, adherence to the scope 
and strategic direction, and alignment across the NPD team. Cooper (1990) further clarified 
the need for senior leadership involvement in the NPD stage-gate process as gatekeepers 
to ensure their commitment and engagement. The research discussed how a documented 
stage-gate process provides structure and definition to the NPD process for improved 
management and control. The role of senior leadership is to review the status versus 
deliverables as defined in the NPD process; assess the quality for each deliverable; assess 
whether the project should go/kill/hold/recycle; and decide on the next steps action plan 
based on the status, issues, and project risks communicated in the gate review. Cooper et 
al. (1995) further noted the importance of senior management’s engagement in NPD 
through developing a clear new product strategy with connection to the company goals and 
technology roadmap; committing to NPD and being accountable for NPD performance 
measures; providing clear communication about the importance of NPD; allocating 
adequate budget and available resources to NPD projects; and developing a regular cadence 
and/or an escalation process in the NPD process to engage senior management in key NPD 
project, go/kill, and spending decisions effectively and efficiently.
The importance of senior management commitment in NPD through providing 
vision, strategy, and sponsorship was discussed by Lester (1998). The vision guides the 
future direction of the company and is important for the organization to connect the scope
CSF11: The scope, expectations, and value proposition fo r  the NPD effort is clearly driven
by the management team.
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of the NPD project to the vision. The strategy guides the organization through 
communicating the target markets, core competencies to be developed, and products to be 
offered. Senior management sponsorship across the business ensures the appropriate 
stakeholders are engaged and NPD project(s) are funded for success. The research noted 
most organizations have multiple managers across the business who are engaged and have 
shared accountability for the results of the NPD team. Lester (1998) also discussed the need 
for the NPD process to provide the strategy and operational guidelines for NPD including 
the requirements to justify funding and resources; process for resource allocation and 
prioritization; procedure for staffing the NPD teams; portfolio management process and 
connection to the business strategy; process to review and decide on new NPD projects; 
and process to monitor NPD team progress and performance. Lester (1998) further noted 
the importance for senior management to support and encourage innovative thinking 
through committing the cross-functional resources to support new idea investigations and 
product concepts that offer long-term value and assess the resulting new ideas and 
products. Management and the NPD team must engage and travel on the NPD journey 
together making the right course corrections along the way for NPD success.
Cooper et al. (2002b) further studied how to optimize the stage-gate process and 
discussed the role of senior management, typically the business cross-functional leadership 
team, in NPD. The role of senior management is to sponsor NPD projects and provide the 
necessary resources for success. The research noted senior management must be engaged 
in the NPD decision process, acting as senior gatekeepers at stage-gate reviews. The 
research discussed the need to have a gate scorecard documented in the NPD process with 
clear success criteria, such as “must meet” and “should meet” (p. 46), that is operation
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focused, readily available, and differentiating. Cooper et al. (2002b) discussed the 
importance for the business leadership team to develop “rules of engagement” (p. 47) to 
govern the gatekeepers, which include attending the gate review; reviewing the pre-reading 
and being prepared; requesting information only within the scope of the NPD project; 
basing decisions on the gate-review criteria as specified in the NPD process; basing 
decisions on facts with no emotions; treating all projects fairly and consistently; making 
decisions; and informing the NPD team of the gate decision. The research also discussed 
the need for portfolio management to be integrated into the gate-reviews to ensure the 
portfolio of NPD projects adds value and meets the business financial criteria; achieves the 
right balance of NPD projects in the portfolio; achieves the right number of NPD projects 
based on resource availability; and achieves alignment to the business strategy and priority.
In another study, Cooper et al. (2004a) further discussed the role of senior 
management in NPD. Additional factors studied include the need for senior management 
to understand the NPD process as well as their role and responsibility in its execution; 
gatekeeper and NPD process training for senior management; senior management to be 
engaged in the design and continuous improvement of the NPD process; senior 
management to be accountable for NPD performance measures; and supporting an 
innovative culture.
2.2.10. Supporting Elements -  Empowerment and Accountability. The CSF
found in prior research supporting the supporting elements and empowerment and 
accountability grouping include:
119
CSF14: NPD team is accountable for the project's success.
Takeuchi et al. (1986) noted top management must communicate the strategic 
direction, far-reaching goal, and challenging requirements at the start of the NPD project 
and allow the NPD team the freedom to execute to their fullest extent. The management 
team must establish checkpoints to guide the NPD team, but empower the team to be 
spontaneous, creative, innovative, and free to independently set direction on a day-to-day 
basis. Takeuchi et al. (1986) called this “subtle control” (p. 143) and provided seven ways 
“subtle control” can be executed in NPD. These methods include selecting the NPD team 
structure with the right balance of dynamics, personalities, and experience; creating an 
open environment in the workplace to improve interaction and communication between the 
NPD team members and management; providing opportunities for engineers to visit the 
field locations (i.e., both customer sites as well as service and distribution network 
locations) to better understand requirements; monitoring performance and rewarding the 
NPD team at the appropriate times; managing the different perspectives and voices 
throughout the NPD project to gain alignment; accepting mistakes happen, but quickly 
learn and take corrective action; and engaging and empowering suppliers early in NPD 
through problem definition. Takeuchi et al. (1986) also discussed a case study where co­
location of the NPD team members promoted close collaboration and improved 
communication. This closeness allows the NPD team to understand each team member’s 
position on topics and gain alignment when there is a conflicting perspective. Through 
creating the right NPD team structure in an environment where the NPD team is 
empowered with “subtle control”, the NPD cross-functional team becomes self-organizing,
CSF13: Company culture creates an environment where the NPD project team feels
empowered to execute the NPD project in an effective and efficient manner.
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develops its own short-term goals, challenges the status quo, manages the competing 
functional requirements through innovation and creativity, aligns on the best path forward, 
and creates a dynamic enabling NPD project success.
The core capabilities in NPD were studied by Leonard-Barton et al. (1992). The 
research noted an important element of an organization’s core capabilities is the 
empowerment of its team members. Empowerment is defined as the trust in the potential 
of team members to contribute to an assigned task without direct management oversight 
for the specific task. The research recognized building trust in the team’s contributions to 
champion new products and processes, which enables future business growth and 
continued NPD success. In addition, Cooper et al. (1995) discussed the importance of 
having a high-quality and cross-functional team in NPD with the available time to focus 
and successfully meet the NPD project goals. The research defined high-quality 
development teams as those with a dedicated leader, frequent communications, efficient 
decisions, and accountability for the NPD project.
The impact of team empowerment and accountability as a success factor in NPD 
was further studied by Lester (1998). Senior management sponsorship is an important 
factor to empower the NPD team to succeed. Senior management must ensure the NPD 
team is effective through staffing the team with the right project leader and team members 
with appropriate skill levels, expertise, and diversity. NPD teams are most effective when 
they can function and operate as their own business. Lester (1998) called these teams 
“venture teams” (p. 37). The research noted empowerment offers a sense of ownership 
which further enables speed, effective decision-making, agility, and ability to adapt to the 
continuously changing product development ecosystem. Lester (1998) noted management
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must give the team appropriate time to learn and innovate and allow the team to learn 
through daily challenges as the project progresses. It is important for management and the 
NPD team to have open dialogue to understand roles and responsibilities. Management 
must consider their role in enabling NPD team success and adding value. Another 
important factor for senior management to better enable empowerment and accountability 
is to clearly communicate the criteria for success for decision-making at each stage-gate of 
the NPD process. Having this definition for success is important to give the proper 
guidance to the NPD team in managing the day-to-day activities leading up to the stage- 
gate reviews. In the management touchpoints, the NPD team needs to report the progress 
versus the plan as well as the status of current issues and risks along with the associated 
countermeasures. Lester (1998) also discussed the importance of team formation events for 
the NPD team to clearly understand the scope of the NPD project, discuss roles and 
responsibilities, discuss the project plan, and gain alignment. Senior management should 
engage in part of the session to communicate expectations and ask any questions the NPD 
team might have. Achieving alignment with senior management and across the NPD team 
on the goals and scope aids in transitioning the accountability of the product development 
effort to the NPD team and empowering the team for success. Lester (1998) also presented 
the need for effective project management through the development of a detailed project 
plan and continuous iteration as the NPD team learns more. In the planning process, the 
team should define strategic imperatives (i.e., critical make or break issues in the NPD 
effort); identify milestone events and requirements; identify tasks; and layout the plan to 
execute the tasks. The emphasis of this planning method, known as “validation-driven 
planning” (p. 40), is to develop the tactical plan and address unknowns and validate
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assumptions as early in the NPD process as possible. Through the development of a tactical 
plan, the NPD team understands the detailed tasks required to execute NPD and becomes 
accountable to deliver per the developed plan.
The engagement of senior management in NPD was the focus of a study by Cooper 
et al. (2002b). The research noted the NPD team should provide a team recommendation 
in the gate reviews versus the stage-gate criteria. This helps senior management understand 
the project team’s consensus against the stage-gate criteria along with the reason for the 
recommendation provided. In a similar study, Cooper et al. (2004a) discussed the need for 
companies to establish the right climate and culture for innovation and NPD; need for 
senior management to strongly support, empower, and give authority to the NPD team; and 
need to have a well-organized NPD team. Several elements to promote a positive climate 
were presented including the need for a supportive climate; a reward system for the NPD 
project team, NPD project leaders, new product champions, and product innovators; an 
organizational understanding of the NPD process with an effective training program and 
involved leadership; open communication across all functions, departments, and locations 
(i.e., no silos) to enable creativity and effective cross-functional discussions; an ability for 
the business to invest and take on more innovative projects in NPD; removal of the fear for 
being punished for failure to encourage innovation and risk-taking; ability for passionate 
employees to work on and further develop creative and innovative ideas; and a new product 
idea suggestion process in place. Cooper et al. (2004a) also noted senior management 
should provide the NPD team strong support, empowerment, and authority with the transfer 
of authority occurring at the gate-reviews. Senior management should not micromanage 
the NPD team by letting the team manage the day-to-day activities and decisions. Senior
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management should support the NPD team and be present in the gate-reviews. The research 
also studied how NPD teams are organized. Several key factors discussed include the need 
to have clearly assigned cross-functional team members with the proper time allocation; 
team members retained throughout the entire NPD project; a defined project leader 
responsible for the NPD project from idea-to-launch; accountability of the NPD project 
team for delivering the end result in terms of performance, quality, time, and profitability; 
a process for efficiently making decisions outside the NPD team (i.e., at the gate-reviews); 
a communication plan for the NPD team with a supporting IT infrastructure; and team 
training to improve cross-functional camaraderie with less time spent on politics, and 
conflicts, among others.
The Agile-Stage-Gate hybrid approach was proposed by Cooper et al. (2016). The 
research noted several elements enabling team empowerment and accountability through 
self-organizing teams where the NPD team plans out the time-bound sprint; day-to-day 
work control with progress discussed at the daily scrum or stand-up meeting; visual boards 
for improved progress tracking; improved focus on the project; improved team ownership; 
improved team communication and coordination on the NPD team; improved productivity; 
and improved motivation and morale. The combination of the stage-gate, sprints, and daily 
scrum/stand-up meetings enable the team to be empowered to take executional control of 
the project and accountable for the end results.
2.2.11. Supporting Elements -  Organizational Experience. The CSFs found in 
prior research supporting the supporting elements and organizational experience grouping
include:
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CSF16: Organization has sufficient knowledge and experience in R&D.
CSF17: Organization has sufficient knowledge and experience in validation testing.
The research is broken down into the subsections of clearly documented design 
processes, KBE, and Industry 4.0; and core capabilities for R&D and validation testing.
2.2.11.1. Clearly documented design processes, KBE, and industry 4.0. The 
core capabilities in the NPD process were the focus of the research by Leonard-Barton 
(1992). The research model discussed the four dimensions of a core capability including 
skills and knowledge base; technical systems; managerial systems; and values and norms. 
All four core capability dimensions mature within a company through accumulated 
experiences in NPD execution over time. The knowledge, skills, and core capabilities 
consist of the compilation of company specific techniques and scientific information, 
which must be captured and dispersed in the associated procedures (i.e., proprietary design 
rules), database(s), and systems to enable the reuse of historical knowledge throughout 
NPD.
According to Pitt et al. (2008), “knowledge work is at the heart of the NPD 
processes” (p. 101). Pitt et al. (2008) proposed a proactive framework, which includes 
knowledge mechanisms and social processes, which must be considered in integrating 
knowledge management into the NPD process. A knowledge manager’s role involves 
communication, intervention, coordination, and promotion of information and knowledge 
flows throughout the organization. Knowledge management is a dynamic learning process 
and must be structured and managed in the NPD organization. In a similar study, Goffin et 
al. (2010) investigated methods to manage lessons learned and tacit knowledge in NPD.
CSF15: Organization has clearly documented design processes fo r  its products and/or
services.
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According to Goffin et al. (2010), NPD is a “complex, iterative problem-solving process 
in which experience plays a role” (p. 40) and is knowledge intensive. It is important for 
lessons learned from one project to be communicated and reused by other NPD project 
teams. This is critical in order to not repeat the problems or opportunities learned in the 
past. Further, Goffin et al. (2010) communicated the importance of an NPD organization 
to have knowledge brokers to focus on knowledge transfer of both explicit and tacit 
knowledge learned from previous NPD projects. These knowledge brokers facilitate the 
post project reviews, document the lessons learned, understand the knowledge gaps, 
leverage work activities to fill the gaps, and share or disseminate the knowledge with future 
NPD teams at project kick-off meetings and throughout NPD projects.
Further, Frank et al. (2012) stated knowledge transfer between NPD projects does 
not happen easily and must be planned. Frank et al. (2012) discussed knowledge transfer 
barriers including time and physical distance between teams as well as behavioral, cultural, 
organizational, and operational factors. To address these barriers a company must have the 
proper documentation, information technologies to support knowledge transfer, and 
infrastructure for people integration among teams. Frank et al. (2012) proposed 
mechanisms to enable better knowledge transfer including introducing the role of a 
knowledge management coordinator function within NPD; post NPD project reviews with 
the cross-functional team; lessons learned and NPD project results documents; information 
sharing sessions to communicate the NPD project outcomes; training for knowledge 
management in NPD; and implementation of a knowledge transfer infrastructure (i.e., 
knowledge web portal, practice community, repository system, or database integration) for 
reuse and consumption of the NPD project knowledge. The research from Frank et al.
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(2012) can be expanded upon to specifically relate to the organization’s design processes. 
The design processes are knowledge, which must be properly documented with the right 
infrastructure to ensure the processes are reused and continuously improved in all NPD 
projects.
Khan et al. (2013) focused on creating a KBE system where knowledge is captured 
in a centralized database with the capability for NPD teams to be able to locate and reuse 
information and knowledge easily. Zawadzki et al. (2016) and Ahmed et al. (2019) further 
built upon the need to have a KBE system to identify, formalize, code, and reuse knowledge 
with the addition of a smart knowledge-based support tool. The network of intelligent 
systems and processes within Industry 4.0 provides capabilities to make the KBE system 
proficient and operational with the design processes, knowledge, and historical lessons 
learned coded within the system. Zawadzki et al. (2016) focused on smart design and the 
need for the KBE system to have the ability to identify and gather what, how, and when 
design tasks need to be done in the NPD process. Zawadzki et al. (2016) stated 
approximately 80% of the time spent by designers is performing routine tasks. The 
formalization of rules and standardized processes offers the potential for repeatable tasks 
to be automated in the design process. Zawadzki et al. (2016) further discussed building 
the KBE system and design process with a focus on variant product configuration can lead 
to reuse of existing design engineering artifacts and knowledge to develop technical 
documentation and specifications for new product variants in the CAD, CAM, and PLM 
systems.
A tool was developed by Ahmed et al. (2019) using Industry 4.0 technology to 
capture past decisions (i.e., decisional DNA) in terms of experiences (i.e., set of experience
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knowledge structure, also known as SOEKS) designers can reuse in future NPD projects. 
The variables, functions, constraints, and rules in the SOEKS focus on design knowledge, 
product inspection planning knowledge, manufacturing capability analysis, and process 
planning knowledge. This architecture better enables the designer to make effective 
decisions based on historical knowledge in previous NPD projects.
2.2.11.2. Core capabilities to develop for R&D and validation. To enable 
successful NPD organizations must leverage existing core competencies, resources, and 
knowledge (Cooper, 2019). The research presented cross-functional areas for leveraging 
core competencies including technology, manufacturing, operations, supplier, technical 
support, customer service, and marketing, management, among others. Based on the CSFs 
studied in this research, organizations must develop and leverage core capabilities in the 
front to end execution and supporting elements of NPD.
Core capabilities of focus in the inputs CSF grouping include market, VOC, 
competitive, and business input gathering methods and tools (Adams et al., 1998; Connell 
et al., 2001; Cooper et al., 2002a; Cooper et al., 2004c; Kumar et al., 2006; Raharjo et al., 
2010; Cooper et al., 2016; Cooper, 2019); requirements definition methods and tools 
(Forsberg et al., 1992; Cooper et al., 2004c; Bijan et al., 2013; Yang et al., 2015; Cooper, 
2019); and supplier capability assessment and selection methods and tools (Ragatz et al., 
1997; Ragatz et al., 2002; Peterson et al., 2003).
Core capabilities of focus in the robust methods CSF grouping include cross­
functional value focused development planning methods and tools (Millson et al., 1992; 
Khan et al., 2013); concurrent engineering methods and tools (Takeuchi et al., 1986; 
Millson et al., 1992; Kuo et al., 2001; BuyuKozkan et al., 2004; Maropoulos et al., 2010;
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Fazl Mashhadi et al., 2016); DFX methods and tools (Kuo et al., 2001; Maropoulos et al., 
2010); RDM methods and tools (Hasenkamp et al., 2007; Hasenkamp et al., 2009; 
Maropoulos et al., 2010; Fazl Mashhadi et al., 2016); and V&V methods and tools 
(Forsberg et al., 1992; BuyuKozkan et al., 2004; Maropoulos et al., 2010; Fazl Mashhadi 
et al., 2016; Mobin et al., 2019).
Core capabilities of focus in the outputs CSF grouping include risk assessment, 
identification, and mitigation methods and tools (Carbone et al., 2004; Segismundo et al., 
2008; Chauhan et al., 2018).
Core capabilities of focus in the supporting elements CSF grouping include 
portfolio management methods and tools (Lester, 1998; Cooper et al., 2002b); process 
management methods and tools (Oakland, 2011; Pryor et al., 2011); and NPD stage-gate 
process execution methods and tools (Takeuchi et al., 1986; Cooper, 1990; Cooper et al., 
1995; Lester, 1998; Cooper et al., 2002a; Cooper et al., 2002b; Cooper et al., 2004a; Cooper 
et al., 2004b; Cooper et al., 2004c; Kahn et al., 2006; Khan et al., 2013; Cooper, 2014; 
Cooper et al., 2016; Cooper, 2019).
Cooper (2019) further discussed when moving into new and unfamiliar territory the 
company will either need to build the experience, knowledge, skills, and capabilities or 
partner with other firms (i.e., customer, supplier, etc.).
2.3. DEVELOP NPD FRAMEWORK AND DISCUSSION
The risk mitigation methods for each CSF grouping were identified from a review 
of literature. Tables 2 through 12 provide a summary of the risk mitigation methods by
CSF and references cited.
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Table 2. VOC risk mitigation methods determined by the current literature
Front to End Execution -  Inputs -  VOC
CSF1: NPD team gathers the VOC (i.e., needs, wants, and problems).
CSF2: NPD team uses the VOC to define and develop the product or service throughout 
the NPD process.
Risk Mitigation Methods References Cited
1. Strong customer focus throughout NPD documented 
in the stage-gate process (early engagement; conduct 
a thorough market research and VOC including the 
entire customer sample prior to design; customer 
inputs, testing, and value statement feedback gathered 
iteratively from idea-to-launch; well-planned and 
properly resourced launch)
2. The VOC accurately captures the needs, problem 
statements, desired benefits, and required 
functionality the product must realize
3. "day-in-the-life-of" research/customer visits
4. Agile methodologies integrated with stage-gate 
process to get more frequent feedback and validation 
inputs from the customer
5. Integrate Industry 4.0 systems and processes to gather 
of the VOC using Big Data analytics
1. Cooper et al. (2002a); 
Cooper et al. (2004c); 
Cooper (2019)
2. Cooper et al. (2002a); 
Cooper (2019)
3. Cooper et al. (2002a)
4. Cooper et al. (2016); 
Cooper (2019)
5. Zhan et al. (2018); Omar et 
al. (2019)
Table 3. Competition Benchmarking risk mitigation methods 
determined by the current literature
Front to End Execution -  Inputs -  Competition Benchmarking
CSF3: Organization benchmarks the competition during NPD 
(i.e., products, pricing, and strategies).
Risk Mitigation Methods References Cited
1. NPD process documents the required quality market 
and competitive information required on the front-end 
of NPD
2. Integration of benchmarking analysis with QFD to 
make decisions and trade-offs, improve the product 
definition, and best meet the customer and technical 
requirements versus the "best-in-class" competitive 
landscape
3. KBE system captures knowledge in a centralized 
database with the capability to locate and extract 
required information easily
4. Integrate Industry 4.0 systems and processes to assess 
the competitive information to NPD project teams
1. Connell et al. (2001); 
Cooper et al. (2004c)
2. Kumar et al. (2006); 
Raharjo et al. (2010)
3. Kahn et al. (2013); 
Zawadzki et al. (2016); 
Ahmed et al. (2019)
4. Zawadzki et al. (2016); 
Ahmed et al. (2019)
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Table 4. Supply base experience risk mitigation method
determined by the current literature
Front to End Execution -  Inputs -  Supply Base Experience
CSF4: NPD team considers the supply base knowledge and experience with the 
technology
Risk Mitigation Methods References Cited
1. Concurrent engineering from the start of NPD 
including all cross-functions and suppliers to 
incorporate multi-function experience and 
knowledge
2. Establish a relationship structure with the 
supplier including top management 
commitment, confidence in supplier’s 
capability, formal trust development practices, 
joint agreement on performance measures, 
shared education and training, and formalized 
risk/reward sharing practices
3. Establish an asset allocation structure in terms 
of intellectual assets to create knowledge and 
data; physical assets to allocate tools and 
resources; and human assets to engage and 
integrate
4. Establish a formal process for supplier 
capability assessment and selection
5. Technology roadmap sharing between supplier 
and buyer
6. Establish confidentiality agreements
7. Technology roadmap and innovation strategy 
linked to the sourcing strategy and, hence, 
supplier selection
8. Purchasing organizational structure with 
separate groups focused on NPD projects and 
supplier management
9. NPD process includes purchasing specific 
cross-functional stage-gate deliverables and 
success criteria
10. Leverage Industry 4.0 technology and 
capabilities for improved operational 
effectiveness and efficiency in NPD
1. Takeuchi et al. (1986); Ragatz 
et al. (1997); Ragatz et al. 
(2002); Peterson et al. (2003); 
Schiele et al. (2010)
2. Ragatz et al. (1997); Ragatz et 
al. (2002); Peterson et al. (2003)
3. Ragatz et al. (1997); Ragatz et 
al. (2002); Peterson et al. (2003)
4. Ragatz et al. (1997); Ragatz et 
al. (2002); Peterson et al. (2003)
5. Ragatz et al. (1997); Ragatz et 
al. (2002)
6. Ragatz et al. (1997)
7. Schiele et al. (2010)
8. Schiele et al. (2010)
9. Schiele et al. (2010)
10. Bar et al. (2018); Manavalan et 
al. (2019)
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Table 5. Requirements risk mitigation methods determined by the current literature
Front to End Execution -  Inputs -  Requirements
CSF5: NPD project has clearly defined requirements and specifications.
Risk Mitigation Methods References Cited
1. Sharp, early (front-end), and fact-based product 
definition built into the stage-gate NPD process 
with market, VOC, technical, and business inputs
2. The requirements definition and management 
process are defined, integrated into the NPD 
process, trained to NPD teams in practice, and 
continuously improved over time
3. Execution of requirement facilitation, 
prioritization, and transformation methods and 
tools to achieve a complete, unambiguous, and 
high-quality requirements definition
4. Build stability and rigor into the product 
definition prior to the NPD development phase by 
placing the approved baselines under change 
control for the customer needs and requirements 
at the system, subsystem, assembly, and 
component levels
1. Cooper et al. (2004c); 
Cooper (2019)
2. Cooper et al. (2004c); Bijan 
et al. (2013); Yang et al. 
(2015); Cooper (2019)
3. Bijan et al. (2013)
4. Forsberg et al. (1992); 
Cooper et al. (2004c); 
Cooper (2019)
Table 6. Robust methods risk mitigation methods determined by the current literature
Front to End Execution -  Robust Methods -  Design, Manufacturing, and 
Assembly
CSF6: NPD team focuses on robust methods o f design in the product or process. 
CSF7: NPD team focuses on robust methods o f manufacture and assembly o f the 
product or delivery o f the service.
Risk Mitigation Methods References Cited
1. Leverage a cross-functional team synergy in the 
product design and V&V processes through a 
focus on proactive planning; concurrent 
engineering; DFX; and transparency and 
communication
2. Product design and V&V process execution 
incorporates a focus on the customer, quality 
execution, and right the first time
3. In the planning stage of design, leverage the 
knowledge and lessons learned from existing 
product in terms of how performance is affected 
by deterioration and customer usage including 
long-term reliability
1. Millson et al. (1992); Kuo et 
al. (2001); BuyuKozkan et 
al. (2004); Maropoulos et al. 
(2010); Fazl Mashhadi et al. 
(2016)
2. Millson et al. (1992); 
BuyuKozkan et al. (2004); 
Maropoulos et al. (2010); 
Fazl Mashhadi et al. (2016)
3. Hasenkamp et al. (2007)
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Table 6. Robust methods risk mitigation methods determined by the current literature
(cont.)
Front to End Execution -  Robust Methods -  Design, Manufacturing, and 
Assembly
CSF6: NPD team focuses on robust methods o f design in the product or process. 
CSF7: NPD team focuses on robust methods o f manufacture and assembly o f the 
product or delivery o f the service.
Risk Mitigation Methods References Cited
4. Functional, DFMEA, and requirements driven 
product design and V&V with iteration to 
achieve the maximum reliability improvement
5. The product design execution focuses on 
awareness of variation, insensitivity to noise 
factors, and continuous applicability of RDM 
principles by applying the appropriate system 
design, parameter design, and tolerance design 
tools and methods
6. The V&V execution includes customer 
engagement; design requirements and 
specification capture; design V&V 
management; and appropriate digital product 
and process, physical product and process, and 
system and network design tools and methods
7. Build hybrid prototyping, including VR and 
rapid prototyping, into the design verification 
process to help designers and cross-functional 
stakeholders proactively identify issues early 
in the design process
8. Cross-functional design reviews are held at 
various stages throughout NPD to assess the 
product design maturity against pre-defined 
criteria and gain alignment from all cross­
functional stakeholders
9. Product design and V&V methods are tied to 
practices or standard operating procedures as 
stage-gate deliverables in the NPD process 
with clear gate decision criteria
10. Organization has subject matter experts or 
knowledge managers who own the product 
design and V&V practices and help engineers 
select and implement tools and methods on a 
case by case basis to ensure high-quality 
deliverables at each gate
4. Forsberg et al. (1992); 
BuyuKozkan et al. (2004); 
Maropoulos et al. (2010); Fazl 
Mashhadi et al. (2016); Mobin 
et al. (2019)
5. Hasenkamp et al. (2007); 
Hasenkamp et al. (2009); 
Maropoulos et al. (2010); Fazl 
Mashhadi et al. (2016)
6. Forsberg et al. (1992); 
Maropoulos et al. (2010); Fazl 
Mashhadi et al. (2016)
7. Zawadzki et al. (2016); 
Wolfartsberger (2019)
8. BuyuKozkan et al. (2004)
9. Hasenkamp et al. (2007); 
Hasenkamp et al. (2009); 
Maropoulos et al. (2010); Fazl 
Mashhadi et al. (2016)
10. Fazl Mashhadi et al. (2016)
133
Table 6. Robust methods risk mitigation methods determined by the current literature
(cont.)
Front to End Execution -  Robust Methods -  Design, Manufacturing, and 
Assembly
CSF6: NPD team focuses on robust methods o f design in the product or process. 
CSF7: NPD team focuses on robust methods o f manufacture and assembly o f the 
product or delivery o f the service.
Risk Mitigation Methods References Cited
11. Establish a culture of continuous improvement 
and an iterative learning process for the 
development, implementation, and sharing of 
existing and new product design and V&V 
methods and practices
12. KBE system captures knowledge in a 
centralized database with the capability to 
locate and extract required information easily
13. Integrate Industry 4.0 systems and processes to 
access lessons learned and previous knowledge 
related to robust methods and technology 
being developed
11. Fazl Mashhadi et al. (2016)
12. Kuo et al. (2001); Khan et al. 
(2013); Zawadzki et al. (2016); 
Ahmed et al. (2019)
13. Zawadzki et al. (2016); Ahmed 
et al. (2019)
Table 7. Superior quality risk mitigation methods determined by the current literature
Front to End Execution -  Outputs -  Superior Quality
CSF8: NPD team focuses on superior quality in the product or process.
Risk Mitigation Methods References Cited
1. Management and leadership instill a "quality 
culture" and "doing it right the first time" 
mindset within the company
2. Management and leadership engaged as NPD 
project sponsors to make decisions and ensure 
the right resource allocation
3. A documented stage-gate system and NPD 
roadmap with quality criteria for each gate
4. Cross-functional engagement (multifunctional 
and multidisciplinary) concurrently throughout 
NPD to consider lifecycle inputs
5. Cross-functional team has the available time to 
focus on high-quality execution
1. Cooper (1990); Cooper et al. 
(2002b); Cooper et al. (2004b); 
Cooper et al. (2004c); Oakland 
(2011)
2. Cooper (1990); Cooper et al. 
(2002b)
3. Cooper (1990); Cooper et al. 
(2002b)
4. Cooper (1990); Cooper et al. 
(2004b)
5. Cooper (1990); Cooper et al. 
(2004b)
134
Table 7. Superior quality risk mitigation methods determined by the current literature
(cont.)
Front to End Execution -  Outputs -  Superior Quality
CSF8: NPD team focuses on superior quality in the product or process.
Risk Mitigation Methods References Cited
6. Gate reviews assess overall quality execution 
and completion of NPD process steps; assess 
the quality of the NPD project from a business 
perspective; and approve an action plan with 
appropriate resource allocation
7. Risk identification, risk assessment, and risk 
mitigation tools and methods integrated into 
the NPD process. Examples include problem 
solving, root cause analysis, fault tree 
analysis, DFMEA, process failure modes and 
effects analysis (PFMEA), action/response 
plans, monitoring and review, knowledge 
management, and QFD, among others
8. Managing NPD project risks using a project 
risk FMEA
9. FMEA risks and action plans from project 
risk, design, process, and other FMEAs are 
continually reviewed with trends charts to 
improve visibility throughout NPD and drive 
the decision-making process
10. NPD process and its sub-processes are owned, 
documented, measured, and continuously 
improved
11. Management accountability to monitor the 
NPD process quality levels as well as the 
customer satisfaction and adequately resource 
continuous improvement projects
12. Implement Industry 4.0 systems and processes 
including interconnectivity, integration, and 
Big Data to better enable the organization's 
quality management system
6. Cooper (1990); Cooper et al. 
(2002b)
7. Chauhan et al. (2018)
8. Carbone et al. (2004)
9. Segismundo et al. (2008)
10. Oakland (2011); Pryor et al. 
(2011)
11. Oakland (2011)
12. Sadler et al. (2019)
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Table 8. Performance risk mitigation methods determined by the current literature
Front to End Execution -  Outputs -  Performance
CSF9: Products or service developed in NPD consistently offers a competitive 
advantage in the marketplace in terms o f performance.
Risk Mitigation Methods References Cited
1. NPD process documents the required quality 
market, VOC, and competitive information 
required on the front-end of NPD
2. NPD process documents the success criteria 
for product differentiation and superiority in 
terms of meeting the customer needs for the 
gate reviews and go/kill decision points
3. The customer VOC, market analysis, and 
competition benchmarking drive the product 
definition and resulting product design
4. Customer feedback on performance and value 
is gathered throughout NPD and used to 
improve the NPD project value delivery
1. Cooper et al. (2004c)
2. Cooper et al. (2004c)
3. Adams et al. (1998); Cooper et 
al. (2004c)
4. Cooper (2019)
Table 9. NPD execution process risk mitigation methods 
determined by the current literature
Supporting Elements -  NPD Execution Process
CSF10: NPD is clearly documented with stage/gate criteria and deliverables.
Risk Mitigation Methods References Cited
1. NPD process is owned, documented, 
measured, continuously improved, and clearly 
visible to NPD teams
2. Stage-gate process and NPD roadmap with 
clear, high-quality, and cross-functional gate 
deliverables
3. Stage-gate scorecard with "must meet" and 
"should meet" decision criteria that is 
operational, readily available, and 
differentiating
4. Stage-gate process with "tough" go/kill 
decision points
5. Technology development gates prior to NPD 
process
6. Stage-gate process defined by project risk level 
and/or context type (i.e., full process, fast track 
process, and significant customer request)
1. Kahn et al. (2006); Pryor et al. 
(2011); Khan et al. (2013)
2. Cooper (1990); Cooper et al. 
(2002a); Cooper et al. (2002b); 
Kahn et al. (2006)
3. Cooper et al. (2002b); Kahn et 
al. (2006)
4. Cooper et al. (2002b)
5. Cooper et al. (2002a)
6. Cooper et al. (2002b); Kahn et 
al. (2006); Cooper et al. (2014)
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Table 9. NPD execution process risk mitigation methods
determined by the current literature (cont.)
Supporting Elements -  NPD Execution Process
CSF10: NPD is clearly documented with stage/gate criteria and deliverables.
Risk Mitigation Methods References Cited
7. Idea-to-launch system approach (i.e., stage- 
gage linear, adaptive and flexible, agile, 
accelerated, agile-stage-gate, frequent design- 
build-test iterations/spirals, overlapping stages, 
or combination) defined in the NPD process
8. NPD process incorporates concurrent 
engineering; cross-functional value-focused 
development planning; and technical 
leadership maintained throughout the project
9. Establish an NPD knowledge repository where 
information can be easily retrieved and lessons 
learned from post NPD project reviews can be 
captured
10. An automated system helps the NPD team 
navigate the NPD process from idea-to-launch
11. The IT infrastructure supports the NPD 
process through the integration of knowledge 
and people as well as increasing the NPD 
process efficiency through introducing new 
technological digital tools for connectivity, 
collaboration, visualization, and real-time 
monitoring
7. Cooper et al. (2014); Cooper et 
al. (2016)
8. Khan et al. (2013); Cooper 
(2014)
9. Khan et al. (2013)
10. Rauch et al. (2016); Cooper 
(2019)
11. Cooper (2014); Rauch et al. 
(2016)
Table 10. Leadership risk mitigation methods determined by the current literature
Supporting Elements -  Leadership Engagement
CSF11: The scope, expectations, and value proposition for the NPD effort is clearly 
driven by the management team.
CSF12: Leadership/management is _ fully engaged in the NPD effort.
Risk Mitigation Methods References Cited
1. Management communicates the vision and 
strategy for NPD
2. Management provides sponsorship to NPD 
projects to ensure adequate funding, available 
cross-functional resources, and alignment 
among key stakeholders
1. Takeuchi et al. (1986); Cooper 
et al. (1995); Lester (1998)
2. Takeuchi et al. (1986); Cooper 
et al. (1995); Lester (1998); 
Cooper et al. (2002b)
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Table 10. Leadership risk mitigation methods determined by the current literature (cont.)
Supporting Elements -  Leadership Engagement
CSF11: The scope, expectations, and value proposition for the NPD effort is clearly 
driven by the management team.
CSF12: Leadership/management is fully engaged in the NPD effort.
Risk Mitigation Methods References Cited
3. Management/business leadership engages in 
the stage-gate process as gatekeepers to review 
the status versus deliverables; assess the 
quality for each deliverable; assess whether the 
project should go/kill/hold/recycle; and decide 
on the next steps action plan based on the 
status, issues, and project risks communicated 
in the gate review
4. Develop “rules of engagement” to govern the 
gatekeepers, which include attending the gate 
review; reviewing the pre-reading and being 
prepared; requesting information only within 
the scope of the NPD project; basing decisions 
on the gate-review criteria as specified in the 
NPD process; basing decisions on facts with 
no emotions; treating all projects fairly and 
consistently; making decisions; and informing 
the NPD team of the gate decision
5. The NPD process provides the strategy and 
operational guidelines for NPD including the 
requirements to justify funding and resources; 
process for resource allocation and 
prioritization; procedure for staffing the NPD 
teams; portfolio management process and 
connection to the business strategy; process to 
review and decide on new NPD projects; 
process to monitor NPD team progress and 
performance; and gate scorecard with clear 
success criteria, such as "must meet" and 
"should meet"
6. Management supports and encourages 
innovative thinking through committing the 
cross-functional resources to support new idea 
investigations and product concepts offering 
long-term value and assessing the new ideas 
and resulting products
3. Takeuchi et al. (1986); Cooper 
(1990); Cooper et al. (1995); 
Lester (1998); Cooper et al. 
(2002b); Cooper et al. (2004a)
4. Cooper et al. (2002b)
5. Cooper (1990); Cooper et al. 
(1995); Lester (1998); Cooper 
et al. (2002b)
6. Lester (1998); Cooper et al. 
(2004a)
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Table 10. Leadership risk mitigation methods determined by the current literature (cont.)
Supporting Elements -  Leadership Engagement
CSF11: The scope, expectations, and value proposition for the NPD effort is clearly 
driven by the management team.
CSF12: Leadership/management is fully engaged in the NPD effort.
Risk Mitigation Methods References Cited
7. Product portfolio management tied to the gate 
reviews to ensure the portfolio of NPD 
projects add value and meet the business 
financial criteria; achieve the right balance of 
NPD projects in the portfolio; achieve the right 
number o f  NPD projects based on resource 
availability; and achieve alignment to the 
business strategy and priority
8. Management commits to NPD by being 
accountable for NPD performance measures
9. Gatekeeper and NPD process training for 
senior management
10. Management engages in the design and 
continuous improvement of the NPD process
7. Cooper et al. (2002b)
8. Cooper et al. (1995); Lester 
(1998); Cooper et al. (2004a)
9. Cooper et al. (2004a)
10. Cooper et al. (2004a)
Table 11. Empowerment and accountability risk mitigation methods 
determined by the current literature
Supporting Elements -  Empowerment and Accountability
CSF13: Company culture creates an environment where the NPD project team feels 
empowered to execute the NPD project in an effective and efficient manner. 
CSF14: NPD team is accountable for the project's success.
Risk Mitigation Methods References Cited
1. The management team establishes checkpoints 
to guide the NPD team (i.e., regular 
touchpoints, gate-reviews), but strongly 
supports, empowers, and gives authority to the 
team to be spontaneous, creative, innovative, 
and free to independently set direction on a 
day-to-day basis
2. Clearly document the criteria for success (i.e., 
gate scorecards) for decision making at each 
stage-gate in the NPD process
1. Takeuchi et al. (1986); 
Leonard-Barton (1992); Lester 
(1998); Cooper et al. (2004a)
2. Takeuchi et al. (1986); Lester 
(1998)
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Table 11. Empowerment and accountability risk mitigation methods
determined by the current literature (cont.)
Supporting Elements -  Empowerment and Accountability
CSF13: Company culture creates an environment where the NPD project team feels 
empowered to execute the NPD project in an effective and efficient manner. 
CSF14: NPD team is accountable for the project's success.
Risk Mitigation Methods References Cited
3. Management selects a high-quality NPD team 
that is retained through the entire NPD project 
with the right balance of dynamics, 
personalities, skill levels, experience, and 
diversity; a dedicated leader; and proper time 
allocation
4. NPD team has frequent communications and 
efficient decisions for the NPD project
5. Create an open environment in the workplace 
(i.e., co-location of the NPD team) to improve 
interaction and communication between the 
cross-functional NPD team members and with 
the cross-functional business 
leadership/management
6. Provide opportunities for engineers to visit the 
field locations (i.e., both customer sites as well 
as service and distribution network locations) 
to better understand requirements
7. Management monitors performance and 
rewards the NPD team, NPD project leaders, 
new product champions, and product 
innovators at the appropriate times
8. Effectively manage the different perspectives 
and voices throughout the NPD project to gain 
alignment
9. Management encourages innovation and risk­
taking by accepting mistakes happen, but 
quickly learns and takes corrective action
10. Engage and empower suppliers early in NPD 
through problem definition
11. Effective project management through the 
development of a detailed project plan and 
continuous iteration as the NPD team learns
3. Takeuchi et al. (1986); Cooper 
et al. (1995); Lester (1998); 
Cooper et al. (2004a)
4. Cooper et al. (1995); Cooper et 
al. (2004a)
5. Takeuchi et al. (1986); Cooper 
et al. (2004a)
6. Takeuchi et al. (1986)
7. Takeuchi et al. (1986); Cooper 
et al. (2004a)
8. Takeuchi et al. (1986)
9. Takeuchi et al. (1986); Cooper 
et al. (2004a)
10. Takeuchi et al. (1986)
11. Lester (1998)
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Table 11. Empowerment and accountability risk mitigation methods
determined by the current literature (cont.)
Supporting Elements -  Empowerment and Accountability
CSF13: Company culture creates an environment where the NPD project team feels 
empowered to execute the NPD project in an effective and efficient manner. 
CSF14: NPD team is accountable_ for the project's success.______________________
Risk Mitigation Methods References Cited
12. Team formation events with the management team to 
gain alignment and transfer accountability to the 
NPD team through a clear understanding of the scope 
and expectations, roles and responsibilities, and 
project plan
13. NPD team makes gate recommendations at the NPD 
gate reviews to communicate the project team's 
consensus against the stage-gate criteria along with 
the reason for the recommendation provided
14. An effective NPD training program to establish an 
organizational understanding of the NPD process
15. Management provides passionate employees the time 
to work on and further develop creative and 
innovative ideas
16. Management establishes a new product idea 
suggestion process
17. Management holds the NPD team accountable for 
delivering the end result in terms of performance, 
quality, time, and profitability
18. A communication plan for the NPD team is in place 
with a supporting IT infrastructure; and team training 
to improve cross-functional camaraderie with less 
time spent on politics and conflicts, among others
19. Implement an agile-stage-gate hybrid type of 
approach to enable team empowerment and 
accountability through self-organizing teams where 
the NPD team plans out the time-bound sprint; day- 
to-day work control with progress discussed at the 
daily scrum or stand-up meeting; visual boards for 
improved progress tracking; improved focus on the 
project; improved team ownership; improved team 
communication and coordination on the NPD team; 
improved productivity; and improved motivation and 
morale. The combination of the stage-gate, sprints, 
and daily scrum/stand-up meetings empower the 
team to take executional control o f the project and be 
accountable for the end results
12. Lester (1998)
13. Cooper et al. (2002b)
14. Cooper et al. (2004a)
15. Cooper et al. (2004a)
16. Cooper et al. (2004a)
17. Cooper et al. (2004a)
18. Cooper et al. (2004a)
19. Cooper et al. (2016)
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Table 12. Organizational experience risk mitigation methods
determined by the current literature
Supporting Elements -  Organizational Experience
CSF15: Organization has clearly documented design processes for its products and/or 
services.
CSF16: Organization has sufficient knowledge and experience in R&D.
CSF17: Organization has sufficient knowledge and experience in validation testing.
Risk Mitigation Methods References Cited
1. The knowledge, skills, and core capabilities 
(i.e., company specific techniques and 
scientific information) are actively captured 
and dispersed in the associated procedures and 
knowledge transfer infrastructure (i.e., KBE 
system, knowledge web portal, practice 
community, repository system, or database 
integration) to enable reuse of historical 
knowledge throughout NPD
2. Knowledge management function within NPD 
to communicate, promote, train, and champion 
the lessons learned and accumulated 
knowledge throughout NPD
3. Conduct post NPD project reviews to 
document the NPD project results, lessons 
learned, and historical knowledge in the KBE 
system
4. Develop smart design tools by reusing 
knowledge from past NPD projects through 
integration with the KBE system, design 
processes, and automated routine tasks through 
the formalization of rules and standardized 
processes
5. Use variant product configuration in the KBE 
system and design processes to reuse existing 
design engineering artifacts and knowledge to 
develop technical documentation and 
specifications for new product variants in the 
CAD, CAM, and PLM systems
6. Integrate Industry 4.0 technology, capabilities, 
systems, and processes to access lessons 
learned and previous knowledge
7. Develop and leverage core capabilities in 
portfolio management methods and tools
1. Leonard-Barton (1992); Frank 
et al. (2012); Kahn et al.
(2013); Zawadzki et al. (2016); 
Ahmed et al. (2019)
2. Pitt et al. (2008); Goffin et al. 
(2010); Frank et al. (2012)
3. Goffin et al. (2010); Frank et 
al. (2012)
4. Zawadzki et al. (2016); Ahmed 
et al. (2019)
5. Zawadzki et al. (2016)
6. Zawadzki et al. (2016); Ahmed 
et al. (2019)
7. Lester (1998); Cooper et al. 
(2002b)
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Table 12. Organizational experience risk mitigation methods
determined by the current literature (cont.)
Supporting Elements -  Organizational Experience
CSF15: Organization has clearly documented design processes for its products and/or 
services.
CSF16: Organization has sufficient knowledge and experience in R&D.
CSF17: Organization has sufficient knowledge and experience in validation testing.
Risk Mitigation Methods References Cited
8. Develop and leverage core capabilities 
in cross-functional value focused 
development planning methods and 
tools
9. Develop and leverage core capabilities 
in market, VOC, competitive, and 
business input gathering methods and 
tools
10. Develop and leverage core capabilities 
in requirements definition methods and 
tools
11. Develop and leverage core capabilities 
in concurrent engineering methods and 
tools
12. Develop and leverage core capabilities 
in DFX methods and tools
13. Develop and leverage core capabilities 
in RDM methods and tools
14. Develop and leverage core capabilities 
in V&V methods and tools
15. Develop and leverage core capabilities 
in risk assessment, identification, and 
mitigation methods and tools
16. Develop and leverage core capabilities 
in process management methods and 
tools
17. Develop and leverage core capabilities 
in NPD stage-gate process execution 
methods and tools
18. For unfamiliar technology or processes 
in NPD, the organization needs to build 
the experience, knowledge, skills, and 
capabilities or partner with other firms 
(i.e., supplier, customer, etc.) to enable 
success
8. Millson et al. (1992); Khan et al. 
(2013)
9. Adams et al. (1998); Connell et al. 
(2001); Cooper et al. (2002a); Cooper 
et al. (2004c); Kumar et al. (2006); 
Raharjo et al. (2010); Cooper et al. 
(2016); Cooper (2019)
10. Forsberg et al. (1992); Cooper et al. 
(2004c); Bijan et al. (2013); Yang et 
al. (2015); Cooper (2019)
11. Takeuchi et al. (1986); Millson et al. 
(1992); Kuo et al. (2001); 
BuyuKozkan et al. (2004); 
Maropoulos et al. (2010); Fazl 
Mashhadi et al. (2016)
12. Kuo et al. (2001); Maropoulos et al. 
(2010)
13. Hasenkamp et al. (2007); Hasenkamp 
et al. (2009); Maropoulos et al.
(2010); Fazl Mashhadi et al. (2016)
14. Forsberg et al. (1992); BuyuKozkan 
et al. (2004); Maropoulos et al.
(2010); Fazl Mashhadi et al. (2016); 
Mobin et al. (2019)
15. Carbone et al. (2004); Segismundo et 
al. (2008); Chauhan et al. (2018)
16. Oakland (2011); Pryor et al. (2011)
17. Takeuchi et al. (1986); Cooper 
(1990); Cooper et al. (1995); Lester 
(1998); Cooper et al. (2002a); Cooper 
et al. (2002b); Cooper et al. (2004a); 
Cooper et al. (2004b); Cooper et al. 
(2004c); Kahn et al. (2006); Khan et 
al. (2013); Cooper (2014); Cooper et 
al. (2016); Cooper (2019)
18. Cooper (2019)
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2.3.1. High-Level NPD and NPD Execution Process Risk Mitigation Methods 
Framework. An NPD risk mitigation methods framework was developed based on the 
critical success factor groupings as well as the risk mitigation methods found in prior 
research. Figure 3 shows the overall high-level NPD risk mitigation methods framework 
along with the detailed risk mitigation methods for the NPD execution process CSF 
grouping.
The NPD risk mitigation framework covers two CSF groupings, front to end 
execution and supporting elements. The first grouping focuses on front to end execution 
and considers the initial inputs, namely VOC; competition benchmarking; supply base 
experience; and requirements, and resulting outputs, namely superior quality and 
performance, of the NPD project as well as the robust methods or transfer functions to 
convert the inputs to outputs. The second grouping focuses on the supporting elements 
including NPD execution process, leadership engagement, empowerment and 
accountability, and organizational experience.
Based on the prior research CSF survey (Ewing and Cudney, 2020), the results 
conveyed the top ranked CSF to be “NPD is clearly documented with stage/gate criteria 
and deliverables” . The literature review of risk mitigation methods also confirmed this 
importance. Each of the CSF groupings focused on the importance of the NPD process to 
guide the organization with respect to the CSF and clearly define the criteria for success 
for organizational execution.
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Front to End Execution
I n p u ts
V O C
C o m p e t i t io n  B e n c h m a rk in g  
S u p p ly  B a s e  E x p e r ie n c e  
R e q u ir e m e n ts
Supporting Elements
O u tp u ts
S u p e r io r  Q u a l i ty  
P e r fo r m a n c e
N P D  E x e c u t io n  P r o c e s s
P ro c e s s  is  o w n e d ,  d o c u m e n te d ,  m e a s u re d , c o n t in u o u s ly  im p ro v e d , a n d  c le a r ly  v is ib le
S ta g e - g a te  p ro c e s s  a n d  N P D  ro a d m a p  w i th  
c le a r ,  h ig h - q u a l i ty ,  a n d  
c ro s s - f u n c t io n a l  g a te  d e l iv e ra b le s
S ta g e - g a te  s c o re c a rd  w i th  o p e r a t io n a l ,  r e a d i ly  
a v a i la b le ,  a n d  d i f f e r e n t ia t in g  d e c is io n  c r i te r ia
S ta g e - g a te  p ro c e s s  w i th  “ to u g h ”  g o /k i l l  d e c is io n  p o in ts
E s ta b l i s h  G a te k e e p e r  R u le s  o f  E n g a g e m e n t
S  B e accountable to  fo llow  the N P D  process 
■S H old  the  N P D  team  accountab le  in delivering
perform ance, quality , schedule, and  p rofitab ility  results 
■S R ev iew  the p re-reading  
■S B e prepared  and attend  the  gate rev iew  
■S R equest in fo rm ation  on ly  w ith in  the  scope o f  the  p ro ject 
■S A ssess quality  o f  execution  fo r each  deliverable from  a 
business perspective
S  A ssess w hether the  p ro ject should 
go /k ill/ho ld /recycle
S  B ase decisions on  the gate rev iew  criteria  and  on 
facts w ith no  em otions 
S  T rea t all pro jects fa irly  and consistently  
S  M ake decisions and  inform  the N P D  team  o f  the 
gate decision
S  A pprove an action  plan based  on  the status, 
issues, and  p ro jec t risks
N P D  P ro c e s s  D o c u m e n ts  th e  S tra te g y  a n d  O p e ra t io n a l  G u id e l in e s  
Success c riteria  for p roduct d ifferen tia tion  and superiority  in the  m arke t 
R equired  m arket, V O C , com petitive, and business inpu ts on the  front-end 
P ortfo lio  m anagem en t p rocess and connection  to  th e  b usiness strategy 
P rocess to  rev iew  and  decide on  n ew  N P D  projects 
R equirem ents to  ju s tify  funding  and resources 
P rocess fo r resource a llocation  and prioritization  
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Figure 3. NPD Execution Process Risk Mitigation Methods Framework
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The NPD execution process starts with the need to have a process that is owned, 
documented, measured, continuously improved, and clearly visible (Kahn et al., 2006; 
Oakland, 2011; Pryor et al., 2011; Khan et al., 2013). Process management is an important 
element leadership must champion through a governance structure, which includes staffing 
the appropriate process owners; holding them accountable to own, document, measure, and 
continuously improve the primary NPD process and its associated subprocesses; and 
conducting regular reviews to monitor the KPIs and identify, prioritize, and resource 
continuous improvement initiatives where the processes are underperforming (Kahn et al., 
2006; Oakland, 2011; Pryor et al., 2011; Khan et al, 2013). The governance structure is 
important for the sustainability of the NPD process to build in the lessons learned from past 
projects, and enable the business to deliver consistent and sustained performance to the 
customer (Kahn, et al., 2006; Oakland, 2011). In addition to process management, the NPD 
process must be clearly visible to the organization and easily accessed and retrieved (Kahn 
et al., 2006).
Another mitigation method to enable successful NPD is to have a stage-gate process 
and NPD roadmap defined in the NPD process with clear, high-quality, and cross­
functional gate deliverables (Cooper, 1990; Cooper et al., 2002a; Cooper et al., 2002b; 
Kahn et al., 2006). A stage-gate scorecard should be included for each cross-functional 
deliverable with “must meet” and “should meet” decision criteria that is operational, 
readily available, and differentiating (Cooper et al., 2002b; Kahn et al., 2006). The presence 
of this success criteria helps the NPD team know the expectations leading up to the gate 
reviews and the management team to consistently make gate decisions based on the 
documented criteria, facts, and data. The criteria must also provide guidance for
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In managing the stage-gates, it is equally important for an organization to establish 
gatekeeper rules of engagement (Cooper et al., 2002b). These include accountability for 
following the NPD process; holding the NPD team accountable in delivering performance, 
quality, schedule, and profitability results; reviewing the pre-reading; being prepared and 
attending the gate review; requesting information only within the scope of the project; 
assessing quality of execution for each deliverable from a business perspective; assessing 
whether the project should go/kill/hold/recycle; basing decisions on the gate review criteria 
and on facts with no emotions; treating all projects fairly and consistently; making 
decisions and informing the NPD team of the gate decision; and approving an action plan 
based on the status, issues, and project risks (Takeuchi et al., 1986; Cooper, 1990; Cooper 
et al., 1995; Lester, 1998; Cooper et al., 2002b; Cooper et al., 2004a; Cooper et al., 2004c; 
Kahn et al., 2006). These rules of engagement hold the management team accountable to 
high standards of success in supporting the NPD team to successfully execute the NPD 
process.
The content of the NPD process is also important. The research discussed the need 
for the NPD process to document the strategy and operational guidelines for the 
organization (Lester, 1998). These include the success criteria for product differentiation 
and superiority in the market; required market, VOC, competitive, and business inputs on 
the front-end; portfolio management process and connection to the business strategy; 
process to review and decide on new NPD projects; requirements to justify funding and 
resources; process for resource allocation and prioritization; process for cross-functional
management to effectively apply “tough” go/kill decisions to NPD projects (Cooper et al.,
2002b).
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staffing the NPD team; idea-to-launch system approach; practices for planning, 
requirements, robust methods, and risk management; and process to monitor NPD team 
progress and performance (Lester, 1998; Cooper, 1990; Cooper et al., 2004c; Hasenkamp 
et al., 2007; Hasenkamp et al., 2009; Maropoulos et al., 2010; Bijan et al., 2013; Khan et 
al., 2013; Cooper et al., 2014; Yang et al., 2015; Cooper et al., 2016; Fazl Mashhadi et al., 
2016; Chauhan et al., 2018; Cooper, 2019).
Another method to consider in an NPD execution process framework is to include 
a discovery stage in front of the stage-gate system with technology development gates 
including a technical assessment and a detailed investigation gate (Cooper et al., 2002a). 
This more fully develops and effectively manages the front end of the NPD process to 
ensure ideas are evaluated and dispositioned and customer requirements are better 
understood. In addition, a post NPD project review is important to capture and document 
the knowledge and lessons learned from the NPD project in the KBE or knowledge transfer 
infrastructure to enable reuse (Goffin et al., 2010; Frank et al., 2012; Khan et al., 2013).
Other risk mitigation methods focus on the presence of an organizational and 
management training program (Cooper et al., 2004a; Cooper et al., 2004c), as well as the 
availability of an automated system which enables the NPD team to navigate the NPD 
process from idea-to-launch (Rauch et al., 2016; Cooper, 2019). These important items 
help the organization understand and apply the elements for NPD execution documented 
in the NPD process.
2.3.2. Front to End Execution -  Inputs Risk Mitigation Methods Framework.
Figures 4 and 5 focus on the NPD risk mitigation methods framework for the inputs of the 
front to end execution grouping. Figure 4 shows the framework for the VOC and
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competition benchmarking CSF groupings. Figure 5 shows the framework for the supply
base experience and requirements CSF groupings.
Front to End Execution -- Inputs
_____________________________________V O C _____________________________________
S tro n g  c u s to m e r  fo c u s  th r o u g h o u t  N P D  d o c u m e n te d  in  th e  s ta g e -g a te  p ro c e s s  
^  E a r ly  e n g a g e m e n t  ■/ C u s to m e r  in p u ts ,  t e s t in g ,  a n d  v a lu e
S  C o n d u c t  a  th o r o u g h  m a r k e t  r e s e a rc h  s ta te m e n t  f e e d b a c k  g a th e re d  i te r a t iv e ly  f ro m  
a n d  V O C  in c lu d in g  th e  e n t i r e  id e a - to - la u n c h
c u s to m e r  s a m p le  p r io r  to  d e s ig n  V  W e l l - p la n n e d  a n d  p ro p e r ly  r e s o u rc e d  la u n c h
T h e  V O C  a c c u r a te ly  c a p tu r e s  th e  n e e d s , p r o b le m  s ta te m e n ts ,  d e s ire d  b e n e f i t s ,  an d  
r e q u i r e d  f u n c t io n a l i ty  th e  p r o d u c t  m u s t  r e a l iz e
“ d a y - in - th e - l i f e - o f  ’ r e s e a rc h  
c u s to m e r  a n d  f ie ld  v is i t s
In te g ra te  I n d u s t r y  4 .0  s y s te m s  a n d  
p r o c e s s e s  to  g a th e r  th e  V O C  u s in g  B ig  
D a ta  a n a ly t ic s
C o m p e t it io n  B e n c h m a r k in g
N P D  p r o c e s s  d o c u m e n ts  th e  r e q u ire d  q u a l i ty  m a r k e t  a n d  c o m p e ti t iv e  in f o rm a t io n  
r e q u ire d  o n  th e  f ro n t- e n d  o f  N P D
I n te g ra t io n  o f  b e n c h m a r k in g  a n a ly s is  w i th  Q F D
Figure 4. VOC and Competition Benchmarking NPD Risk Mitigation Methods
Framework
Sharp, early (front-end), and fact-based product definition should be built into the 
stage-gate NPD process with quality market, VOC, competitive information, technical, and 
business inputs (Adams et al., 1998; Connell et al., 2001; Cooper et al., 2002a; Cooper et 
al., 2004c; Cooper et al., 2016; Cooper, 2019). This helps the cross-functional NPD team 
focus on a product definition to meet the technical and business requirements, which is 
superior to the competition in terms of solving the customer problem statements, meeting
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customer needs, achieving high-quality, offering new and unique benefits to the customer,
and adding value (Cooper et al., 2004c).
Front to End Execution -- Inputs
S u p p ly  B a s e  E x p e r ie n c e
E n g a g e  s u p p l ie r s  e a r ly  a s  p a r t  o f  th e  N P D  te a m
E s ta b l i s h  a  fo rm a l  p ro c e s s  f o r  s u p p l ie r  c a p a b i l i ty  a s s e s s m e n t  a n d  s e le c t io n
E s ta b l i s h  c o n f id e n t ia l i ty  a g r e e m e n ts
E s ta b l i s h  a  r e la t io n s h ip  a n d  a s s e t  
a l lo c a t io n  s t r u c tu r e  w i th  th e  s u p p l ie r
P u rc h a s in g  o rg a n iz a t io n a l  s t ru c tu re  w i th  s e p a ra te  g r o u p s  f o c u s e d  
o n  N P D  p ro je c ts  a n d  s u p p l ie r  m a n a g e m e n t
T e c h n o lo g y  r o a d m a p  s h a r in g  b e tw e e n  
s u p p l ie r  a n d  b u y e r
T e c h n o lo g y  r o a d m a p  an d  in n o v a t io n  
s t r a te g y  l in k e d  to  th e  s o u rc in g  s t r a te g y  
a n d , h e n c e , s u p p l ie r  s e le c t io n
L e v e ra g e  I n d u s t r y  4 .0  te c h n o lo g y  a n d  c a p a b i l i t ie s  f o r  im p ro v e d  o p e ra t io n a l  
e f f e c t iv e n e s s  a n d  e f f ic ie n c y  in  N P D
R e q u ir e m e n t s
S h a r p ,  e a r ly  ( f ro n t - e n d ) ,  a n d  f a c t-b a s e d  p r o d u c t  d e f in i t io n  b u i l t  in to  th e  s ta g e -g a te  N P D  
p r o c e s s  w i th  m a r k e t ,  V O C , te c h n ic a l ,  a n d  b u s in e s s  in p u ts
T h e  r e q u i r e m e n ts  d e f in i t io n  a n d  m a n a g e m e n t  p ro c e s s  a re  d e f in e d , in te g r a te d  in to  th e  
N P D  p r o c e s s ,  t r a in e d  to  N P D  te a m s  in  p r a c t ic e ,  a n d  c o n t in u o u s ly  im p ro v e d  o v e r  t im e
E x e c u t io n  o f  r e q u i r e m e n t  f a c i l i ta t io n ,  p r io r i t iz a t io n ,  a n d  t r a n s f o r m a t io n  m e th o d s  a n d  
to o ls  to  a c h ie v e  a  c o m p le te ,  u n a m b ig u o u s ,  a n d  h ig h - q u a l i ty  r e q u i r e m e n ts  d e f in i t io n
B u ild  s ta b il i ty  a n d  r ig o r  in to  th e  p ro d u c t  d e f in i t io n  p r io r  to  th e  N P D  d e v e lo p m e n t  p h a s e  
b y  p la c in g  th e  a p p r o v e d  b a s e l in e s  u n d e r  c h a n g e  c o n tro l  f o r  th e  c u s to m e r  n e e d s  a n d  
r e q u i r e m e n ts  a t  th e  s y s te m , s u b s y s te m , a s s e m b ly , a n d  c o m p o n e n t  le v e ls
Figure 5. Supply Base Experience and Requirements NPD Risk Mitigation Methods
Framework
Throughout NPD it is important to consider a strong customer focus in the 
documentation of the stage-gate process. The focus of an NPD team should be to engage
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with customers early; conduct a thorough and high-quality market research and VOC 
including the entire customer sample prior to design; gather customer inputs, testing, and 
value statement feedback iteratively from idea-to-launch; and plan and properly resource 
the NPD launch (Cooper et al., 2002a; Cooper et al., 2004c; Cooper et al., 2016; Cooper, 
2019). In conducting the VOC, the NPD team must focus the time to accurately capture 
the needs, problem statements, desired benefits, and required functionality the product 
must realize (Cooper et al., 2002a; Cooper, 2019). The NPD team should plan to spend 
time on site with the customer to walk in their shoes (“day-in-the-life-of’) to understand 
their problem statements and requirements (Cooper et al., 2002a). The organization should 
also integrate Industry 4.0 systems and processes to gather the VOC using Big Data 
analytics (Zhan et al., 2018; Omar et al., 2019).
The requirements definition and management process should be defined, integrated 
into the NPD process, trained to NPD teams in practice, and continuously improved over 
time (Cooper et al., 2004c; Bijan et al., 2013; Yang et al., 2015; Cooper, 2019). The 
organization should execute the right balance of requirement facilitation, prioritization, and 
transformation methods and tools to achieve a complete, unambiguous, and high-quality 
requirements definition (Bijan et al., 2013). Many organizations use the QFD process to 
facilitate the translation of the customer requirements into design requirements, part 
characteristics, manufacturing operations, and production requirements specifications 
(Maropoulos et al., 2010). The QFD process can also help the NPD team scope the 
competitive benchmarking analysis, document the customer perception of the product 
versus the competition in terms of meeting the customer needs, identify the “best-in-class” 
product(s) in the industry, and drive decisions and trade-offs to improve the product
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definition and best meet the customer and technical requirements versus the “best-in-class” 
competitive landscape (Kumar et al., 2006; Raharjo et al., 2010). This front-end homework 
is critical to drive decisions and competitive and comparative advantage in the marketplace. 
To build stability and rigor into the product definition prior to the NPD development phase 
the NPD team should place the approved baselines under change control for the customer 
needs and requirements at the system, subsystem, assembly, and component levels 
(Forsberg et al., 1992; Cooper et al., 2004c; Cooper, 2019).
In the early stages of NPD it is also important to consider the supply base 
experience and engage suppliers early as part of the NPD team (Takeuchi et al., 1986; 
Ragatz et al., 1997; Ragatz et al., 2002; Peterson et al., 2003; Schiele et al., 2010). A 
supplier’s engagement on the NPD project team results in the greatest benefit, especially 
when the technology being developed is in the developmental stages (Peterson et al., 2003). 
The NPD organization should establish a formal process for supplier capability assessment 
and selection to evaluate and assess the selection of the right supplier with the right 
expertise and capabilities based on the technology being developed (Ragatz et al., 1997; 
Ragatz et al., 2002; Peterson et al., 2003). Through the assessment process the technology 
roadmap and innovation strategy should also be linked to the sourcing strategy and, hence, 
supplier selection (Schiele et al., 2010). Once selected, the appropriate confidentiality 
agreements should be established (Ragatz et al., 1997) as well as the supplier relationship 
and asset allocation structure (Ragatz et al., 1997; Ragatz et al., 2002; Peterson et al., 2003). 
Technology information sharing also engages the supplier and improves the NPD outcome 
(Peterson et al., 2003). To be more effective and focus on NPD, the purchasing team should 
have a separate group focusing on NPD projects rather than supplier management (Schiele
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et al., 2010). Lastly, an organization can leverage Industry 4.0 technology and capabilities 
for improved operational effectiveness and efficiency in terms of supplier connectivity and 
collaboration during the NPD effort (Bar et al., 2018; Manavalan et al., 2019).
2.3.3. Front to End Execution -  Robust Methods Risk Mitigation Methods 
Framework. Figure 6 shows the NPD risk mitigation methods framework for the robust 
methods CSF grouping.
Throughout the NPD product design and V&V process execution, the NPD team 
must incorporate a strong focus on the customer, quality execution, and right the first time 
(Millson et al., 1992; BuyuKozkan et al., 2004; Maropoulos et al., 2010; Fazl Mashhadi et 
al., 2016). In addition, the organization must leverage a cross-functional team synergy 
through focusing on proactive planning; concurrent engineering; DFX; and transparency 
and communication (Millson et al., 1992; Kuo et al., 2001; BuyuKozkan et al., 2004; 
Maropoulos et al., 2010; Khan et al., 2013; Fazl Mashhadi et al., 2016). The product design 
and V&V processes should be driven by the functional decomposition and flow analysis, 
DFMEA, and requirements with iteration to achieve the maximum reliability improvement 
(Forsberg et al., 1992; BuyuKozkan et al., 2004; Maropoulos et al., 2010; Fazl Mashhadi 
et al., 2016; Mobin et al., 2019). It is also important for the NPD team to leverage the 
knowledge and lessons learned from existing product in terms of how performance is 
affected by deterioration and customer usage including long-term reliability (Hasenkamp 
et al., 2007). This increases the opportunity for success as well as the customer satisfaction 
by leveraging lessons learned and not repeating the mistakes of the past.
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Front to End Execution -  Robust Methods
D e s ig n ,  M a n u fa c t u r in g ,  a n d  A s s e m b ly
L e v e ra g e  a  c ro s s - f u n c t io n a l  te a m  s y n e rg y  in  th e  p r o d u c t  d e s ig n  a n d  V & V  p r o c e s s e s  
w i th  a  fo c u s  o n  t r a n s p a r e n c y  a n d  c o m m u n ic a t io n
P ro a c t iv e  v a lu e - fo c u s e d  C u s to m e r  Q u a l i ty  e x e c u t io n  w i th  
d e v e lo p m e n t  p la n n in g  fo c u s  a  fo c u s  o n  r ig h t  th e  f i r s t  t im e
C o n c u r r e n t  E n g in e e r in g  D F X
L e v e ra g e  th e  k n o w le d g e  a n d  le s s o n s  le a rn e d  f ro m  e x is tin g  p ro d u c ts
F u n c t io n a l ,  D F M E A , a n d  r e q u i r e m e n ts  d r iv e n  p r o d u c t  d e s ig n  a n d  V & V  
w ith  i te r a t io n  to  a c h ie v e  th e  m a x im u m  re l ia b i l i ty  im p ro v e m e n t
R o b u s t  D e s ig n  M e th o d s  E x e c u t io n  in  P ro d u c t  D e s ig n
• A w a r e n e s s  o f  v a r ia t io n  • S y s te m  d e s ig n  to o ls  an d  m e th o d s
• In s e n s i t iv i ty  to  n o is e  f a c to r s  • P a r a m e te r  d e s ig n  to o ls  a n d  m e th o d s
• C o n t in u o u s  a p p l ic a b i l i ty  • T o le ra n c e  d e s ig n  to o ls  a n d  m e th o d s
V e r i f ic a t io n  a n d  V a l id a t io n  E x e c u t io n
• C u s to m e r  e n g a g e m e n t  in  V & V
• D e s ig n  r e q u i r e m e n ts  a n d  s p e c i f ic a t io n  c a p tu re  to o ls  a n d  m e th o d s
• D ig i ta l  p r o d u c t  a n d  p r o c e s s  V & V  to o ls  a n d  m e th o d s
• P h y s ic a l  p r o d u c t  a n d  p r o c e s s  V & V  to o ls  a n d  m e th o d s
• S y s te m  a n d  n e tw o r k  d e s ig n  V & V  to o ls  a n d  m e th o d s
• B u i ld  h y b r id  p r o to ty p in g  in to  V & V  in c lu d in g  V R  a n d  r a p id  p r o to ty p in g
• D e s ig n  V & V  m a n a g e m e n t
C r o s s - fu n c t io n a l  d e s ig n  r e v ie w s  a re  h e ld  a t  v a r io u s  s ta g e s  th r o u g h o u t  N P D  
to  a s s e s s  th e  p r o d u c t  d e s ig n  m a tu r ity  a g a in s t  p r e -d e f in e d  c r i te r ia  a n d  
g a in  a l ig n m e n t  f ro m  a ll c ro s s - f u n c t io n a l  s ta k e h o ld e rs
P r o d u c t  d e s ig n  a n d  V & V  t ie d  to  p r a c t ic e s  o r  s ta n d a rd  o p e r a t in g  p r o c e d u r e s  a n d  s ta g e -  
g a te  d e l iv e r a b le s  w i th  c le a r  g a te  d e c is io n  c r i te r ia
S u b je c t  m a t te r  e x p e r ts  o w n  th e  p r a c t ic e s  a n d  h e lp  
e n g in e e r s  s e le c t  a n d  im p le m e n t  to o ls  a n d  m e th o d s
E s ta b l i s h  a  c u l tu r e  o f  c o n t in u o u s  im p ro v e m e n t  a n d  a n  i te r a t iv e  le a rn in g  p ro c e s s
IT  I n f r a s t r u c tu r e  S u p p o r ts  th e  N P D  P ro c e s s
• In te g ra te  k n o w le d g e  a n d  p e o p le
• E n a b le  th e  a c c e s s  o f  le s s o n s  le a rn e d  a n d  p r e v io u s  k n o w le d g e
• I n c re a s e  th e  N P D  p r o c e s s  e f f ic ie n c y  th r o u g h  d ig i ta l  to o ls  fo r  c o m m u n ic a t io n ,  
c o l la b o r a t io n ,  c o n n e c t iv i ty ,  v is u a l iz a t io n ,  a u to m a t io n ,  a n d  r e a l - t im e  m o n ito r in g
Figure 6. Robust Methods NPD Risk Mitigation Methods Framework
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In the product design execution the NPD team should focus on the awareness of 
variation, insensitivity to noise factors, and continuous applicability of RDM principles by 
applying the appropriate system design, parameter design, and tolerance design tools and 
methods (Hasenkamp et al., 2007; Hasenkamp et al., 2009; Maropoulos et al., 2010; Fazl 
Mashhadi et al., 2016). The V&V execution should include customer engagement; design 
requirements and specification capture; design V&V management; and appropriate digital 
product and process, physical product and process, and system and network design tools 
and methods (Forsberg et al., 1992; Maropoulos et al., 2010; Fazl Mashhadi et al., 2016). 
The NPD team can build hybrid prototyping, including VR and rapid prototyping, into the 
design verification process to help designers, cross-functional stakeholders, and customer 
proactively identify issues early in the design process (Zawadzki et al., 2016; 
Wolfartsberger, 2019). At various stages throughout NPD, cross-functional design reviews 
should be held to assess the product design maturity against pre-defined criteria and gain 
alignment from all cross-functional stakeholders as well as the customer (BuyuKozkan et 
al., 2004).
The product design and V&V methods should be tied to practices or standard 
operating procedures, which are stage-gate deliverables in the NPD process with clear gate 
decision criteria (Hasenkamp et al., 2007; Hasenkamp et al., 2009; Maropoulos et al., 2010; 
Fazl Mashhadi et al., 2016). The deliverables should not call out the use of a specific tool, 
but focus on the tangible deliverables and expected criteria. The research noted 
documenting the expectations in the NPD stage-gate process is useful for NPD teams to 
integrate the practices into their daily project work (Fazl Mashhadi et al., 2016). The NPD 
organization should also have a support network of subject matter experts or knowledge
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managers, who own the product design and V&V practices and help the engineers select 
and implement tools and methods on a case by case basis and transfer the lessons learned 
from other NPD projects to ensure high-quality deliverables at each gate (Fazl Mashhadi 
et al., 2016; Pitt et al., 2008; Goffin et al., 2010; Frank et al., 2012). It is also important for 
the organization to establish a culture of continuous improvement and an iterative learning 
process for the development, implementation, and sharing of existing and new product 
design and V&V methods and practices (Oakland, 2011; Pryor et al., 2011; Fazl Mashhadi 
et al., 2016).
To support the NPD process and execution it is important for an organization to 
build the appropriate IT infrastructure. The infrastructure should focus on integrating 
knowledge and people by enabling the access of lessons learned and previous knowledge 
(Kuo et al., 2001; Khan et al., 2013; Zawadzki et al., 2016; Ahmed et al., 2019) and 
increasing the NPD process efficiency through digital tools for communication, 
collaboration, connectivity, visualization, automation, and real-time monitoring (Cooper, 
2014; Zawadzki et al., 2016; Ahmed et al., 2019; Sadler et al., 2019).
2.3.4. Front to End Execution -  Outputs Risk Mitigation Methods 
Framework. Figure 7 shows the NPD risk mitigation methods framework for the superior 
quality and performance CSFs, which are the outputs in the front to end execution 
grouping.
The research demonstrated a strong linkage of NPD success to high quality NPD 
process execution (Cooper, 1990). Sustainability and consistency start with a documented 
stage-gate system and NPD roadmap with quality criteria at each gate (Cooper, 1990; 
Cooper et al., 2002b). The organization must then follow the NPD process with high-
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Front to End Execution -  Outputs
S u p e r io r  Q u a l ity
O r g a n iz a t io n  is  a c c o u n ta b le  to  f o l lo w  th e  N P D  p r o c e s s  w i th  h ig h - q u a l i ty  e x e c u t io n  
a n d  w i th  a  m in d s e t  o f  “ d o in g  i t  r ig h t  th e  f i r s t  t im e ”
C r o s s - fu n c t io n a l  e n g a g e m e n t  c o n c u r r e n t ly  th r o u g h o u t  N P D  to  c o n s id e r  l i f e c y c le  in p u ts
C r o s s - fu n c t io n a l  te a m  h a s  th e  a v a i la b le  t im e  to  f o c u s  o n  h ig h - q u a l i ty  e x e c u t io n
R is k  M a n a g e m e n t  E x e c u t io n
• R is k  id e n t i f ic a t io n ,  r i s k  a s s e s s m e n t ,  a n d  r is k  m i t ig a t io n  to o ls  a n d  m e th o d s  in te g ra te d  
in to  th e  N P D  p r o c e s s
• N P D  te a m  u s e s  a  p r o je c t  r is k  F M E A  to  id e n t i fy ,  p r io r i t iz e ,  o w n , c o n tr o l ,  a n d  m i t ig a te  
r i s k s  w i th  th e  a p p r o p r ia te  c o n t in g e n c y  p la n s
• P r o je c t  r is k ,  d e s ig n , p ro c e s s ,  a n d  o th e r  F M E A s  a re  c o n t in u a l ly  re v ie w e d  w i th  tre n d  
c h a r ts  to  im p ro v e  v is ib i l i ty  o f  F M E A  r is k s  a n d  a c t io n s  to  e n a b le  d e c is io n  m a k in g
M a n a g e m e n t  a c c o u n ta b i l i ty  to  m o n ito r  th e  N P D  p ro c e s s  q u a l i ty  a n d  c u s to m e r  
s a t is f a c t io n  le v e ls  a n d  s t a f f  th e  a p p r o p r ia te  c o n t in u o u s  im p ro v e m e n t  p ro je c ts
I m p le m e n t  I n d u s t r y  4 .0  s y s te m s  a n d  p ro c e s s e s  in c lu d in g  in te r c o n n e c t iv i ty ,  in te g ra t io n , 
a n d  B ig  D a ta  to  b e t te r  e n a b le  th e  o r g a n iz a t io n ’s q u a l i ty  m a n a g e m e n t  s y s te m
P e r fo r m a n c e
N P D  p r o c e s s  d o c u m e n ts  th e  s u c c e s s  c r i te r ia  f o r  p r o d u c t  d i f f e r e n t ia t io n  a n d  s u p e r io r i ty  
in  te r m s  o f  m e e t in g  th e  c u s to m e r  n e e d s  fo r  th e  g a te  r e v ie w s  a n d  g o /k i l l  d e c is io n  p o in ts
T h e  V O C , m a r k e t  a n a ly s is ,  a n d  c o m p e t i t io n  b e n c h m a r k in g  d r iv e  th e  p r o d u c t  d e f in i t io n  
a n d  r e s u l t in g  p r o d u c t  d e s ig n
C u s to m e r  f e e d b a c k  o n  p e r fo r m a n c e  a n d  v a lu e  is  g a th e re d  th r o u g h o u t  N P D  
a n d  u s e d  to  im p ro v e  th e  N P D  p ro je c t  v a lu e  d e l iv e ry
Figure 7. Superior Quality and Performance NPD Risk Mitigation Methods Framework
quality execution. In addition, management and leadership must instill a “quality culture” 
and “doing it right the first time” mindset within the company (Cooper, 1990; Cooper et 
al., 2002b; Cooper et al., 2004b; Cooper et al., 2004c; Oakland, 2011). The NPD gate 
reviews should assess the overall quality execution and completion of NPD process steps; 
assess the quality of the NPD project from a business perspective; and approve an action
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plan with appropriate resource allocation (Cooper, 1990; Cooper et al., 2002b). Another 
important factor is to ensure cross-functional engagement (multifunctional and 
multidisciplinary) concurrently throughout NPD with the appropriate time committed to 
consider lifecycle inputs and focus on high-quality execution (Cooper, 1990; Cooper et al., 
2004b).
To achieve a competitive advantage in the marketplace in terms of performance an 
organization must focus on documenting the success criteria for product differentiation and 
superiority in the NPD process (Cooper et al., 2004c; Cooper, 2019). These success criteria 
must focus on delivering products with benefits important to the customer; new and unique 
benefits not found in competitive products; superior value to the customer; and superiority 
to the competition in terms of solving the customer problem statements, meeting the 
customer needs, and delivering high-quality as measured by the customer (Cooper et al., 
2004c; Cooper, 2019). The gate reviews and go/kill decision points must closely monitor 
the product differentiation and superiority success criteria and initiate the appropriate 
actions when required to ensure the criteria are met or exceeded. It is also important for the 
customer VOC, market analysis, and competition benchmarking to drive the product 
definition and resulting product design (Adams et al., 1998; Cooper et al., 2004c) and for 
customer feedback on performance and value to be gathered throughout NPD and used to 
improve the NPD project value delivery (Cooper, 2019). These combined elements enable 
NPD success with the products developed in NPD consistently offering a competitive 
advantage in the marketplace in terms of performance.
In addition to documentation and quality execution, the NPD process and its sub­
processes must be owned, measured, and continuously improved (Kahn et al., 2006;
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Oakland, 2011; Pryor et al., 2011; Khan et al., 2013). Management must then have the 
accountability to monitor the NPD process quality levels as well as the customer 
satisfaction and adequately resource continuous improvement projects where the processes 
are underperforming (Kahn et al., 2006; Oakland, 2011; Pryor et al., 2011; Khan et al., 
2013). The focus for the continuous improvement initiatives is to improve KPIs and reduce 
variation so the business can deliver consistent and sustained quality levels and 
performance to the customer.
To achieve superior quality in NPD a combination of risk management tools can be 
used to identify, assess, and mitigate risks at each phase of the NPD process given the time 
and resource allocation (Chauhan et al., 2018). These risk management tools for 
identification, assessment, and mitigation must be integrated into the NPD process. 
Examples include problem solving, root cause analysis, fault tree analysis, DFMEA, 
PFMEA, action/response plans, monitoring and review, knowledge management, and 
QFD, among others. A project risk FMEA can be used to ensure the appropriate NPD risks 
are identified, prioritized, owned, controlled, and mitigated with the appropriate 
contingency plans to improve the project success (Carbone et al., 2004). The project risk 
FMEA focuses on the project environment and works in conjunction with the design, 
process, and service FMEAs. The FMEA risks and action plans from the project risk, 
design, process, and other FMEAs must be continually reviewed with trends charts to 
improve visibility throughout NPD and drive the decision-making process (Segismundo et 
al., 2008).
To enable the successful implementation of the quality management practices the 
organization needs to have effective and efficient systems in place (Sadler et al., 2019).
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Industry 4.0 systems and processes, such as interconnectivity, integration, and Big Data 
can help organization’s achieve quality control and quality assurance in today’s 
competitive ecosystem to achieve improved business excellence, effectiveness, and 
efficiency.
2.3.5. Supporting Elements Risk Mitigation Methods Framework. Figures 8, 
9, and 10 focus on the NPD risk mitigation methods framework for the supporting 
elements grouping. Figure 8 shows the NPD risk mitigation methods framework for the 
leadership engagement CSF grouping. Figure 9 shows the NPD risk mitigation methods 
framework for the empowerment and accountability CSF grouping. Figure 10 shows the 
NPD risk mitigation methods framework for the organizational experience CSF grouping.
Supporting Elements
L e a d e r s h ip  E n g a g e m e n t
C o m m u n ic a te  th e  v is io n  a n d  s t r a te g y  f o r  N P D
E n g a g e  in  th e  P ro d u c t  P o r t f o l io  M a n a g e m e n t  P ro c e s s  to  E n s u r e
• P o r t f o l io  o f  N P D  p ro je c ts  a d d  v a lu e  a n d  m e e t  th e  b u s in e s s  f in a n c ia l  c r i te r ia
• R ig h t  b a la n c e  o f  N P D  p r o je c ts  in  th e  p o r tfo l io
• R ig h t  n u m b e r  o f  N P D  p r o je c ts  b a s e d  o n  r e s o u rc e  a v a i la b i l i ty
• A l ig n m e n t  o f  th e  N P D  p o r t fo l io  to  th e  b u s in e s s  s t r a te g y  a n d  p r io r i ty
P ro v id e  s p o n s o r s h ip  to  e n s u re  a d e q u a te  f u n d in g ,  r e s o u r c e s ,  a n d  a l ig n m e n t
E n g a g e  in  th e  s ta g e -g a te  p r o c e s s  a s  g a te k e e p e rs
I n s t i l l  a  q u a l i ty  c u l tu re  m in d s e t I n s t i l l  a n  in n o v a t iv e  c u l tu re  m in d s e t
A c c o u n ta b le  fo r  N P D  p e r fo r m a n c e  m e a s u re s
E n g a g e  in  th e  d e s ig n  a n d  c o n t in u o u s  im p ro v e m e n t  o f  th e  N P D  p r o c e s s
Figure 8. Leadership Engagement NPD Risk Mitigation Methods Framework
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2.3.5.I. Leadership engagement risk mitigation methods framework. Overall, 
management engagement is a key factor leading to NPD project success (Cooper et al., 
2002b). Management engagement starts with communication of the vision and strategy for 
NPD (Takeuchi et al., 1986; Cooper et al., 1995; Lester, 1998). The vision guides the future 
direction of the company. It is important for the organization to connect the scope of the 
portfolio of NPD projects to the vision (Lester, 1998). The strategy guides the organization 
through communicating the target markets, core competencies to be developed, and 
products to be offered (Lester, 1998). It is important for the management team to engage 
in the product portfolio management process to ensure the portfolio of NPD projects add 
value and meet the business financial criteria; right balance of NPD projects in the 
portfolio; right number of NPD projects based on resource availability; and alignment of 
the NPD portfolio to the business strategy and priority (Cooper et al., 2002b). Management 
then provides the sponsorship to NPD projects to ensure adequate funding, available cross­
functional resources, and alignment among key stakeholders (Takeuchi et al., 1986; Cooper 
et al., 1995; Lester, 1998; Cooper et al., 2002b). The management team engages in the 
stage-gate process as gatekeepers to review the status versus deliverables; assess the quality 
for each deliverable; assess whether the project should go/kill/hold/recycle; and decide on 
the next steps action plan based on the status, issues, and project risks communicated in 
the gate review (Takeuchi et al., 1986; Cooper, 1990; Cooper et al., 1995; Lester, 1998; 
Cooper et al., 2002b; Cooper et al., 2004a).
Instilling a quality culture mindset is a responsibility of the management team 
(Cooper, 1990; Cooper et al., 2002b; Cooper et al., 2004b; Cooper et al., 2004c; Oakland, 
2011). Through developing the right strategy and supporting plans the business leadership
161
team can instill a proactive, rather than a reactive, approach in managing quality (Oakland, 
2011). Management must also support and encourage an innovative culture by committing 
the cross-functional resources to support new idea investigations and product concepts to 
offer long-term value and help assess the resulting new ideas and products (Lester, 1998; 
Cooper et al., 2004a). In addition, management must commit to NPD by being accountable 
for NPD performance measures as well as engage in the design and continuous 
improvement of the NPD process (Cooper et al., 1995; Lester, 1998; Cooper et al., 2004a).
2.3.5.2. Empowerment and accountability risk mitigation methods 
framework. Empowerment and accountability start with the selection of a high-quality 
NPD team that is retained through the entire NPD project with the right balance of 
dynamics, personalities, skill levels, experience, and diversity; a dedicated leader; and 
proper time allocation to the project (Takeuchi et al., 1986; Cooper et al., 1995; Lester, 
1998; Cooper et al., 2004a). The management team establishes checkpoints to guide the 
NPD team (i.e., regular touchpoints, gate-reviews), but strongly supports, empowers, and 
gives authority to the team to enable the team to be spontaneous, creative, innovative, and 
free to independently set direction on a day-to-day basis (Takeuchi et al., 1986; Leonard- 
Barton, 1992; Lester, 1998; Cooper et al., 2004a). Management should not micromanage, 
but rather let the team manage the day-to-day activities and decisions (Cooper 2004a). 
Empowerment offers a sense of ownership and further enables speed, effective decision­




E m p o w e r m e n t  a n d  A c c o u n ta b il i ty
S e le c t io n  o f  a  H ig h - Q u a l i ty  N P D  T e a m
• R ig h t  b a la n c e  o f  d y n a m ic s ,  p e r s o n a l i t ie s ,  s k ill  le v e ls ,  e x p e r ie n c e ,  a n d  d iv e r s i ty
• A  d e d ic a te d  le a d e r
• P r o p e r  t im e  a l lo c a t io n  w i th  te a m  m e m b e r s  r e ta in e d  th r o u g h  th e  e n t i r e  N P D  p ro je c t
M a n a g e m e n t  e s ta b l is h e s  c h e c k p o in ts  to  g u id e  th e  N P D  te a m , b u t 
s t ro n g ly  s u p p o r ts ,  e m p o w e r s ,  a n d  g iv e s  a u th o r i ty  to  th e  N P D  te a m
T e a m  C o m m u n ic a t io n  a n d  D e c is io n  M a k in g
• C re a te  a n  o p e n  w o r k  e n v i r o n m e n t  w i th  f r e q u e n t  c o m m u n ic a t io n  a n d  e f f ic ie n t  d e c is io n s
• C o m m u n ic a t io n  p la n  w i th  a  s u p p o r t in g  IT  in f r a s t ru c tu r e
• T e a m  t r a in in g  to  im p ro v e  c ro s s - f u n c t io n a l  c a m a ra d e r ie
• E s ta b l i s h  a  te a m  f o rm a t io n  e v e n t  w i th  m a n a g e m e n t  e n g a g e m e n t
P r o je c t  M a n a g e m e n t
• N P D  te a m  e x e c u te s  e f f e c t iv e  p ro je c t  m a n a g e m e n t  th r o u g h o u t  N P D
• N P D  te a m  h a s  e x e c u t io n a l  c o n tro l  o f  th e  p r o je c t  a n d  is  a c c o u n ta b le  f o r  th e  d a y - to -d a y  
w o r k  a c t iv i t ie s  le a d in g  u p  to  th e  p r o je c t  m ile s to n e s
• N P D  te a m  h a s  r e g u la r  to u c h p o in ts  to  r e v ie w  p ro g re s s  o n  d a y - to -d a y  w o r k  a c t iv i t ie s
• V is u a l  b o a r d s  f o r  im p ro v e d  p r o g re s s  t r a c k in g
G a te  R e v ie w  L o g is t ic s
• N P D  te a m  m a k e s  a  g a te  r e c o m m e n d a t io n  to  c o m m u n ic a te  th e  t e a m ’s c o n s e n s u s  
a g a in s t  th e  s ta g e -g a te  c r i te r ia  a lo n g  w i th  th e  r e a s o n  fo r  th e  r e c o m m e n d a t io n  p r o v id e d
• M a n a g e m e n t  h o ld s  th e  N P D  te a m  a c c o u n ta b le  f o r  d e l iv e r in g  th e  e n d  r e s u l t  in  te r m s  o f  
p e r fo r m a n c e ,  q u a l i ty ,  t im e , a n d  p r o f i ta b i l i ty
M a n a g e m e n t  e n c o u r a g e s  
in n o v a t io n  a n d  r is k - ta k in g
E s ta b l i s h  a n  N P D  
id e a  s u g g e s t io n  p ro c e s s
M a n a g e m e n t  a c c e p ts  m is ta k e s  h a p p e n , 
b u t  q u ic k ly  le a rn s  
a n d  ta k e s  c o r re c t iv e  a c t io n
M a n a g e m e n t  m o n i to r s  p e r fo rm a n c e  
a n d  r e c o g n iz e s  th e  N P D  te a m , 
w h e n  a p p ro p r ia te
Figure 9. Empowerment and Accountability NPD Risk Mitigation Methods Framework
To better enable cross-functional team communication and decision making an 
open work environment can be created to improve interaction and communication between 
cross-functional team members with more opportunities for frequent communication and 
efficient decisions (Takeuchi et al., 1986; Cooper et al., 1995; Cooper et al., 2004a). In 
addition, a communication plan should be established with a supporting IT infrastructure;
163
team training should be provided to improve cross-functional camaraderie and promote 
less time spent on politics, and conflicts, among others; and a team formation event should 
be held to achieve alignment with management on the project goals and scope and transfer 
the accountability of the NPD effort to the team (Lester, 1998; Cooper et al., 2004a).
Effective project management is also important to enable empowerment and 
accountability through the development of a detailed project plan with continuous iteration 
as the NPD team learns (Lester, 1998). It is important for the NPD team to have executional 
control of the project and accountability for the day-to-day work activities leading up to 
the project milestones (Cooper et al., 2016). By conducting regular touchpoints and 
establishing visual boards, the NPD team can review progress on day-to-day work activities 
and visually track the progress. Implementation of these agile-stage-gate hybrid techniques 
enables team empowerment and accountability through self-organizing teams, improves 
focus on the project; improves communication and coordination; improves team 
ownership; improves productivity; and improves motivation and morale (Cooper et al., 
2016).
To provide the NPD team strong support, empowerment, and authority, the gate 
review logistics should be managed appropriately. At the NPD gate reviews the NPD team 
should make gate recommendations to communicate the project team's consensus against 
the stage-gate criteria along with the reason for the recommendation provided (Cooper et 
al., 2002b). The management team should support the team, be present in the gate-reviews, 
transfer authority at the gate review, and hold the NPD team accountable for delivering the 
end result in terms of performance, quality, time, and profitability (Cooper et al., 2004a).
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Other methods to enable empowerment and accountability include management 
encouragement of innovation and risk-taking by accepting mistakes happen, but quickly 
learn and take corrective action; management provides passionate employees the time to 
work on and further develop creative and innovative ideas; management establishes a new 
product idea suggestion process; and management monitors performance and rewards the 
NPD team, NPD project leaders, new product champions, and product innovators at the 
appropriate times (Takeuchi et al., 1986; Cooper et al., 2004a).
Supporting Elements
O r g a n iz a t io n a l  E x p e r ie n c e
D e v e lo p  a n d  L e v e ra g e  C o re  C a p a b i li t ie s  in  th e  O r g a n iz a t io n  b a s e d  o n  th e  N P D  S tra te g y
• P o r t f o l io  m a n a g e m e n t  m e th o d s  a n d  to o ls
• C ro s s - fu n c t io n a l  v a lu e  fo c u s e d  d e v e lo p m e n t  p la n n in g  m e th o d s  a n d  to o ls
• M a rk e t ,  V O C , c o m p e t i t iv e ,  a n d  b u s in e s s  in p u t  g a th e r in g  m e th o d s  a n d  to o ls
• R e q u ir e m e n ts  d e f in i t io n  m e th o d s  a n d  to o ls
• S u p p l ie r  c a p a b i l i ty  a s s e s s m e n t  a n d  s e le c t io n  m e th o d s  a n d  to o ls
• C o n c u r r e n t  e n g in e e r in g  m e th o d s  a n d  to o ls
• D F X  m e th o d s  a n d  to o ls
• R D M  m e th o d s  a n d  to o ls
• V & V  m e th o d s  a n d  to o ls
• R is k  a s s e s s m e n t ,  id e n t i f ic a t io n ,  a n d  m i t ig a t io n  m e th o d s  a n d  to o ls
• P ro c e s s  m a n a g e m e n t  m e th o d s  a n d  to o ls
• N P D  s ta g e -g a te  p r o c e s s  e x e c u t io n  m e th o d s  a n d  to o ls
• F o r  u n f a m il ia r  te c h n o lo g y  o r  p ro c e s s e s  fo c u s  e f fo r ts  to  b u i ld  c o re  c a p a b i l i t ie s
K n o w le d g e  M a n a g e m e n t
• K n o w le d g e ,  s k i l ls ,  a n d  c o re  c a p a b i l i t ie s  a re  a c t iv e ly  c a p tu r e d  a n d  d is p e rs e d  in  th e  a s s o c ia te d  
p r o c e d u r e s  a n d  k n o w le d g e  tr a n s f e r  in f r a s t ru c tu r e  to  e n a b le  k n o w le d g e  re u s e
• E s ta b l i s h  a  k n o w le d g e  m a n a g e m e n t  f u n c t io n  w i th in  N P D
• D e v e lo p  s m a r t  d e s ig n  to o ls  th a t  r e u s e  k n o w le d g e ,  in te g r a te  w i th  th e  d e s ig n  p r o c e s s e s ,  a n d  a u to m a te  
ta s k s  th r o u g h  ru le s  a n d  s ta n d a rd iz e d  p r o c e s s e s
• I m p le m e n t  v a r ia n t  p r o d u c t  c o n f ig u ra t io n  in  th e  k n o w le d g e  t r a n s f e r  in f r a s t ru c tu r e  a n d  d e s ig n  
p r o c e s s e s
• In te g ra te  I n d u s t r y  4 .0  te c h n o lo g y ,  c a p a b i l i t ie s ,  s y s te m s , a n d  p r o c e s s e s  to  a c c e s s  o f  le s s o n s  le a rn e d  
a n d  p re v io u s  k n o w le d g e
Figure 10. Organizational Experience NPD Risk Mitigation Methods Framework
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2.3.5.3. Organizational experience risk mitigation methods framework. To
enable NPD success, the organization must develop and leverage core competencies, 
resources, and knowledge based on the NPD strategy. Based on the CSFs studied in this 
research organizations must develop and leverage core capabilities in multiple areas related 
to the inputs, robust methods, outputs, and supporting elements risk mitigation methods 
framework.
Core capabilities to leverage and develop the inputs risk mitigation methods 
framework include market, VOC, competitive, and business input gathering methods and 
tools (Adams et al., 1998; Connell et al., 2001; Cooper et al., 2002a; Cooper et al., 2004c; 
Kumar et al., 2006; Raharjo et al., 2010; Cooper et al., 2016; Cooper, 2019); requirements 
definition methods and tools (Forsberg et al., 1992; Cooper et al., 2004c; Bijan et al., 2013; 
Yang et al., 2015; Cooper, 2019) and supplier capability assessment and selection methods 
and tools (Ragatz et al., 1997; Ragatz et al., 2002; Peterson et al., 2003).
Core capabilities to leverage and develop the robust methods risk mitigation 
methods framework include cross-functional value focused development planning methods 
and tools (Millson et al., 1992; Khan et al., 2013); concurrent engineering methods and 
tools (Takeuchi et al., 1986; Millson et al., 1992; Kuo et al., 2001; BuyuKozkan et al., 
2004; Maropoulos et al., 2010; Fazl Mashhadi et al., 2016); DFX methods and tools (Kuo 
et al., 2001; Maropoulos et al., 2010); RDM methods and tools (Hasenkamp et al., 2007; 
Hasenkamp et al., 2009; Maropoulos et al., 2010; Fazl Mashhadi et al., 2016); and V&V 
methods and tools (Forsberg et al., 1992; BuyuKozkan et al., 2004; Maropoulos et al., 
2010; Fazl Mashhadi et al., 2016; Mobin et al., 2019).
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Core capabilities to leverage and develop the outputs risk mitigation methods 
framework include risk assessment, identification, and mitigation methods and tools 
(Carbone et al., 2004; Segismundo et al., 2008; Chauhan et al., 2018).
Core capabilities to leverage and develop the supporting elements methods 
framework include portfolio management methods and tools (Lester, 1998; Cooper et al., 
2002b); process management methods and tools (Oakland, 2011; Pryor et al., 2011); and 
NPD stage-gate process execution methods and tools (Takeuchi et al., 1986; Cooper, 1990; 
Cooper et al., 1995; Lester, 1998; Cooper et al., 2002a; Cooper et al., 2002b; Cooper et al., 
2004a; Cooper et al., 2004b; Cooper et al., 2004c; Kahn et al., 2006; Khan et al., 2013; 
Cooper, 2014; Cooper et al., 2016; Cooper, 2019).
For unfamiliar technology or processes in NPD, the organization needs to build the 
experience, knowledge, skills, and capabilities or partner with other firms (i.e., supplier, 
customer, etc.) to enable successful NPD (Cooper, 2019).
As stated by Pitt et al. (2008) “knowledge work is at the heart of the NPD 
processes” (p. 101). The knowledge, skills, and core capabilities (i.e., company specific 
techniques and scientific information) should be actively captured and dispersed in the 
associated procedures and knowledge transfer infrastructure (i.e., KBE system, knowledge 
web portal, practice community, repository system, or database integration) to enable the 
reuse of historical knowledge throughout NPD (Leonard-Barton, 1992; Frank et al., 2012; 
Kahn et al., 2013; Zawadzki et al., 2016; Ahmed et al., 2019). To enable lessons learned 
and accumulated knowledge to be communicated, promoted, trained, and championed 
throughout NPD, an organization should establish a knowledge management function 
within NPD (Pitt et al., 2008; Goffin et al., 2010; Frank et al., 2012). In addition, smart
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design tools should be developed by reusing knowledge from past NPD projects through 
integration with the KBE system; integrating design processes; and automating routine 
tasks through the formalization of rules and standardized processes (Zawadzki et al., 2016; 
Ahmed et al., 2019). Variant product configuration can also be enabled in the KBE system 
and design processes to reuse existing design engineering artifacts and knowledge to 
develop technical documentation and specifications for new product variants in the CAD, 
CAM, and PLM systems (Zawadzki et al., 2016). Lastly, Industry 4.0 technology, 
capabilities, systems, and processes can be integrated to enable the access o f lessons 
learned and previous knowledge (Zawadzki et al., 2016; Ahmed et al., 2019). To enable 
successful NPD an organization must leverage one or more of these capabilities to ensure 
knowledge is captured, managed, retrieved, and reused throughout the NPD process.
2.4. CONCLUSION, MANAGERIAL IMPLICATIONS, LIMITATIONS, AND 
FUTURE WORK
To enable successful products to be delivered to the marketplace, companies must 
focus on the execution of NPD and CSFs, which make-up the front to end execution and 
supporting elements. The market today is competitive. Those companies who excel and 
succeed in NPD enable a comparative advantage in the marketplace. The research provided 
a consolidated framework supported by the results of a worldwide multi-industry survey 
and risk mitigation methods and tools found in prior research.
The heartbeat of NPD is the process, which supports and drives the execution of all 
facets of an NPD project from market research to VOC, requirements definition, lifecycle 
inputs, product design, V&V, and risk management, among others. NPD process 
management and governance are essential to enable success as well as the engagement o f
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leadership to set the vision and strategy, manage the portfolio, provide sponsorship, and be 
the gatekeepers of the stage-gates. Another top contributing factor in the framework is 
customer engagement to gather feedback and value statements iteratively from idea-to- 
launch as well as the organizational experience, core capabilities and knowledge that must 
be leveraged and continuously improved to build in lessons learned and new technological 
capabilities into NPD and product portfolio. All the CSFs and associated framework 
methods and tools discussed in this research build the foundation and support system to 
enable commercial success in the market.
The NPD framework is particularly important for managers to consider when 
developing or continuously improving their NPD execution structure, methods, and 
processes. There is considerable knowledge in prior research spread throughout many 
sources. This research consolidated the knowledge into a single framework supported by 
the high-ranked CSFs found in the worldwide multi-industry survey (Ewing and Cudney, 
2020). The easy to follow framework can be used as a guide for managers to learn from 
the prior knowledge and focus on the critical items to increase the odds of successful 
delivery of a new product with more robust and successful NPD execution. From a 
decision-making perspective, the framework provides guidance for managers to focus on 
the stage-gate scorecard with clear deliverables and success criteria to guide the NPD team 
and gatekeepers to consistently make the right decisions throughout NPD and execute the 
right actions to mitigate risks enabling a successful product at launch in terms of 
performance, quality, time, profitability, and value to the customer. The NPD process is 
not a one size fits all. The framework and process may need to be tailored based on specific
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Some limitations in this research can be observed. The relevant literature 
considered for the framework was focused on the high-ranked CSFs from prior research 
(Ewing and Cudney, 2020). The demographics of the worldwide multi-industry survey 
demonstrated some industries, functional areas, and geographic regions could be studied 
more extensively to draw further conclusions. In addition, the NPD framework results were 
not validated and can be an opportunity for future research. Another key limitation was the 
relevant literature for the framework only considered papers published in English. 
Research in other languages was excluded. It also is noted only papers published in 
scholarly journals were considered. Research from other sources including books and grey 
literature, such as dissertations, was excluded. Therefore, there are potentially additional 
methods and tools not identified in the current research and NPD framework. An 
exhaustive search of these references may result in additional factors for study.
There are opportunities for future work in this research area. As previously 
mentioned, the NPD framework results were not validated. Future research can focus on 
validating the framework using case studies to implement the framework and associated 
methods and tools in multiple companies, industries, functional areas, and geographic 
regions. These case studies can be used to further refine the framework and understand the 
challenges in adoption of the methods and tools. For any process, change transformation 
and adoption can be challenging. These challenges provide additional areas for future 
research to study framework refinements and enable seamless adoption across multiple 
company types, industries, functional areas, and geographic regions.
industry or company needs and on lessons learned to provide the organizational focus
necessary for successful delivery of the product to the market.
170
REFERENCES
Adams, M. E., Day, G. S. and D. Dougherty (1998). Enhancing new product development 
performance: An organizational learning perspective. Journal o f Product 
Innovation Management 15(5): 403-422.
Ahmed, M. B., Shafiq, S. I., Sanin, C., & Szczerbicki, E. (2019). Towards Experience- 
Based Smart Product Design for Industry 4.0. Cybernetics and Systems, 50(2), 165­
175.
Bar, K., Herbert-Hansen, Z. N. L., & Khalid, W. (2018). Considering Industry 4.0 aspects 
in the supply chain for an SME. Production Engineering, 12(6), 747-758.
Bijan, Y., Yu, J., Stracener, J., & Woods, T. (2013). Systems requirements engineering— 
State of the methodology. Systems Engineering, 16(3), 267-276.
BuyuKozkan, G., Dereli, T., & Baykasoglu, A. (2004). A survey on the methods and tools 
of concurrent new product development and agile manufacturing. journal o f 
Intelligent Manufacturing, 15(6), 731-751.
Carbone, T. A., & Tippett, D. D. (2004). Project risk management using the project risk 
FMEA. Engineering management journal, 16(4), 28-35.
Chauhan, A. S., Nepal, B., Soni, G., & Rathore, A. P. S. (2018). Examining the state of 
risk management research in new product development process. Engineering 
Management Journal, 30(2), 85-97.
Connell, Jim; Edgar, Gary C., Olex, B., Scholl, R., Shulman, T. and R. Tietjen (2001). 
Troubling successes and good failures: Successful new product development 
requires five critical factors. Engineering Management Journal 13(4): 35-40.
Cooper, R. G. (1990). Stage-gate systems: a new tool for managing new products. Business 
horizons, 33(3), 44-54.
Cooper, R. G. and E. J. Kleinschmidt (1995). Benchmarking the firm’s critical success 
factors in new product development. Journal o f Product Innovation Management 
12(5): 374-391.
Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (2002a). Optimizing the stage-gate 
process: what best-practice companies do— I. Research-Technology Management, 
45(5), 21-27.
171
Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (2002b). Optimizing the stage-gate 
process: What best-practice companies do—II. Research-Technology
Management, 45(6), 43-49.
Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (2004a). Benchmarking best NPD 
practices-I. Research Technology Management, 47(1).
Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (2004b). Benchmarking Best NPD 
Practices-II. Research Technology Management, 47(3).
Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (2004c). Benchmarking best NPD 
practices-III. Research Technology Management, 47(6), 43-55.
Cooper, R. G. (2014). What's next?: After stage-gate. Research-Technology Management, 
57(1), 20-31.
Cooper, R. G., & Sommer, A. F. (2016). Agile-Stage-Gate: New idea-to-launch method 
for manufactured new products is faster, more responsive. Industrial Marketing 
Management, 59, 167-180.
Cooper, R. G. (2019). The drivers of success in new-product development. Industrial 
Marketing Management, 76, 36-47.
Ewing, R., & Cudney, E. (2020). Critical Success Factors in New Product Development. 
(Under Review)
Fazl Mashhadi, A., Alange, S., Gustafsson, G., & Roos, L. U. (2016). The Volvo Robust 
Engineering System: how to make robust design work in an industrial 
context. Total Quality Management & Business Excellence, 27(5-6), 647-665.
Forsberg, K., & Mooz, H. (1992). The relationship of systems engineering to the project 
cycle. Engineering Management Journal, 4(3), 36-43.
Frank, A., & Echeveste, M. (2012). Knowledge transfer between NPD project teams. 
International Journal of Quality & Reliability Management.
Goffin, K., Koners, U., Baxter, D., & Van der Hoven, C. (2010). Managing lessons learned 
and tacit knowledge in new product development. Research-Technology 
Management, 53(4), 39-51.
172
Hasenkamp, T., Arvidsson, M., & Gremyr, I. (2009). A review of practices for robust 
design methodology. Journal o f Engineering Design, 20(6), 645-657.
Kahn, K. B., Barczak, G. and R. Moss (2006). Perspective: Establishing an NPD best 
practices framework. Journal o f Product Innovation Management 23(2): 106-116.
Khan, M. S., Al-Ashaab, A., Shehab, E., Haque, B., Ewers, P., Sorli, M., & Sopelana, A. 
(2013). Towards lean product and process development. International Journal of 
Computer Integrated Manufacturing, 26(12), 1105-1116.
Kumar, A., Antony, J., & Dhakar, T. S. (2006). Integrating quality function deployment 
and benchmarking to achieve greater profitability. Benchmarking, 13(3), 290-310.
Kuo, T. C., Huang, S. H., & Zhang, H. C. (2001). Design for manufacture and design for 
‘X ’: concepts, applications, and perspectives. Computers & industrial 
engineering, 41(3), 241-260.
Leonard-Barton, D. (1992). Core capabilities and core rigidities: A paradox in managing 
new product development. Strategic Management Journal, 13(S1), 111-125.
Lester, D. H. (1998). Critical success factors for new product development. Research- 
Technology Management, 41(1), 36-43.
Manavalan, E., & Jayakrishna, K. (2019). A review of Internet of Things (IoT) embedded 
sustainable supply chain for industry 4.0 requirements. Computers & Industrial 
Engineering, 127, 925-953.
Maropoulos, P. G., & Ceglarek, D. (2010). Design verification and validation in product 
lifecycle. CIRP annals, 59(2), 740-759.
Millson, M. R., Raj, S. P. and D. Wilemon (1992). A survey of major approaches for 
accelerating new product development. Journal o f Product Innovation 
Management 9(1): 53-69.
Mobin, M., Li, Z., Cheraghi, S. H., & Wu, G. (2019). An approach for design Verification 
and Validation planning and optimization for new product reliability 
improvement. Reliability Engineering & System Safety, 190, 106518.
Hasenkamp, T., Adler, T., Carlsson, A., & Arvidsson, M. (2007). Robust design
methodology in a generic product design process. Total Quality Management and
Business Excellence, 18(4), 351-362.
173
NSF (January 2020). The State of U.S. Science & Engineering. Retrieved on October 11, 
2020 from https://ncses.nsf.gov/pubs/nsb20201/preface.
Oakland, J. (2011). Leadership and policy deployment: the backbone of TQM. Total 
Quality Management & Business Excellence, 22(5), 517-534.
Omar, Y. M., Minoufekr, M., & Plapper, P. (2019). Business analytics in manufacturing: 
Current trends, challenges and pathway to market leadership. Operations Research 
Perspectives, 6, 100127.
Petersen, K. J., Handfield, R. B., & Ragatz, G. L. (2003). A model of supplier integration 
into new product development. Journal o f product innovation management, 20(4), 
284-299.
Pitt, M., & MacVaugh, J. (2008). Knowledge management for new product development. 
Journal of Knowledge Management.
Pryor, M. G., Toombs, L. A., Cooke, J., & Humphreys, J. H. (2011). Strategic quality 
management: the role of process ownership, management and
improvement. International Journal o f Business Excellence, 4(4), 420-439.
Ragatz, G. L., Handfield, R. B., & Scannell, T. V. (1997). Success factors for integrating 
suppliers into new product development. Journal o f Product Innovation 
Management, 14(3), 190-202.
Ragatz, G. L., Handfield, R. B., & Petersen, K. J. (2002). Benefits associated with supplier 
integration into new product development under conditions of technology 
uncertainty. Journal o f Business Research, 55(5), 389-400.
Raharjo, H., Chai, K. H., Xie, M., & Brombacher, A. C. (2010). Dynamic benchmarking 
methodology for quality function deployment. Benchmarking: An International 
Journal.
Rauch, E., Dallasega, P., & Matt, D. T. (2016). The way from lean product development 
(LPD) to smart product development (SPD). Procedia CIRP, 50, 26-31.
Sader, S., Husti, I., & Daroczi, M. (2019). Industry 4.0 as a Key Enabler toward Successful 
Implementation of Total Quality Management Practices. Periodica Polytechnica 
Social and Management Sciences, 27(2), 131-140.
Schiele, H. (2010). Early supplier integration: the dual role of purchasing in new product 
development. R&D Management, 40(2), 138-153.
174
Sun, H., Zhao, Y., & Yau, H. K. (2009). The relationship between quality management and 
the speed of new product development. The TQM Journal.
Takeuchi, H., & Nonaka, I. (1986). The new product development game. Harvard Business 
Review, 64(1), 137-146.
Wolfartsberger, J. (2019). Analyzing the potential of Virtual Reality for engineering design 
review. Automation in Construction, 104, 27-37.
Yang, L. R., Chen, J. H., & Wang, X. L. (2015). Assessing the effect of requirement 
definition and management on performance outcomes: Role of interpersonal 
conflict, product advantage and project type. International Journal o f Project 
Management, 33(1), 67-80.
Zawadzki, P., & Zywicki, K. (2016). Smart product design and production control for 
effective mass customization in the Industry 4.0 concept. Management and 
Production Engineering Review.
Zhan, Y., Tan, K. H., Li, Y., & Tse, Y. K. (2018). Unlocking the power of big data in new 
product development. Annals of Operations Research, 270(1-2), 577-595.
Segismundo, A., & Miguel, P. A. C. (2008). Failure mode and effects analysis (FMEA) in
the context of risk management in new product development. International Journal
o f  Quality & Reliability Management.
175
SECTION
2. CONCLUSIONS AND FUTURE WORK
2.1. CONCLUSIONS
To enable successful products to be delivered to the marketplace, companies must 
focus on the execution of NPD and the CSFs that make-up the front to end execution and 
the supporting elements. The market today is very competitive. Those companies who 
excel and win in NPD can enable a comparative advantage in the marketplace.
The systematic literature review in the first paper (Ewing and Cudney, 2020a) 
provided a comprehensive review of research studies published in the combined space of 
NPD, success factors, and risk. The systematic literature review found some coverage on 
developing a repeatable risk mitigation methodology or framework enabling successful 
NPD. However, much of the literature in this space has limitations in developing a 
repeatable risk mitigation methodology or framework for NPD that is linked to critical 
success factors. Many research studies focus on either critical success factors or risk 
mitigation. Others identify a risk mitigation methodology or framework but are limited in 
scope to a single element of NPD. Further limitations include focus on a single industry, a 
single company, a single country, a single NPD project type, or a single NPD product type. 
These limitations do not allow for a comprehensive analysis enabling successful NPD and 
development of a framework that can be applied across many product development 
industries globally. Based on these conclusions, this research established the need to
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The second paper (Ewing and Cudney, 2020b) then focused on the CSFs in NPD. 
Based on the CSFs found in the relevant literature, a worldwide multi-industry survey was 
conducted to determine the top CSFs to enable successful NPD. The survey was validated 
with a statistically significant sample size with responses from experienced industry 
professionals covering multiple industries, functional areas, and six of the seven continents. 
The top CSFs found in the survey convey an understanding of the inputs, robust methods 
of execution, important supporting elements, and outputs to enable the success of NPD. 
These success factors provide important considerations and best practices that help enable 
NPD execution throughout the product lifecycle.
The third paper (Ewing and Cudney, 2020c) provided a consolidated NPD 
framework supported by the results of the CSF worldwide multi-industry survey and the 
risk mitigation methods and tools found in prior research. The heartbeat of NPD is the 
process, which supports and drives the execution of all facets of an NPD project from 
market research to VOC, requirements definition, lifecycle inputs, product design, V&V, 
risk management, among others. NPD process management and governance are essential 
to enable success as well as the engagement of leadership to set the vision and strategy, 
manage the portfolio, provide sponsorship, and be the gatekeepers of the stage-gates. 
Another top contributing factor in the framework is customer engagement to gather 
feedback and value statements iteratively from idea-to-launch as well as the organizational 
experience, core capabilities, and knowledge that must be leveraged and continuously 
improved to build in lessons learned and new technological capabilities into NPD and the
develop a repeatable risk mitigation methodology that enables successful NPD that is tied
to CSFs and validated worldwide across multiple industries.
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product portfolio. All of the CSFs and associated framework methods and tools discussed 
in this research build the foundation and support system that help to enable commercial 
success in the market.
The NPD framework is particularly important for the manager to consider when 
developing or continuously improving their NPD execution structure, methods, and 
processes. There is considerable knowledge in the prior research that is spread throughout 
many sources. This research consolidated the knowledge into a single framework 
supported by the high-ranked CSFs found in the worldwide multi-industry survey. The 
easy to follow framework can be used as a guide to help managers learn from the prior 
knowledge and focus on the critical items that increase the odds of successful delivery of 
a new product with more robust and successful NPD execution. From a decision-making 
perspective, the framework helps to provide guidance for management to focus on 
integrating a stage-gate scorecard with clear deliverables and success criteria. This helps 
to guide NPD teams and gatekeepers to consistently make the right decisions throughout 
NPD and execute the right actions to mitigate risks that enable a successful product at 
launch in terms of performance, quality, time, profitability, and value to the customer.
The NPD process is not a one size fits all. The framework and process may need to 
be tailored based on specific industry or company needs and on lessons learned that provide 
the organizational focus to be successful in the delivery of the product to the market.
Some limitations in this research can be observed. The systematic literature review 
(Ewing and Cudney, 2002a) considered papers published from relevant databases 
including ABI/Inform, Scopus, and Business Source Premier. The literature review 
considered papers published in English. Research in other languages was excluded. It also
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is noted that only papers published in scholarly journals were considered. Research from 
other sources including books, dissertations, and grey literature were excluded. Therefore, 
there are potentially additional factors and methods that were not identified in the current 
research and NPD framework. An exhaustive search of these references may result in 
additional factors that could be studied with conclusion drawn.
Some limitations in the worldwide multi-industry CSF survey can be observed. The 
survey was distributed in three independent surveys. The 26-factor survey, 10-factor survey 
and 36-factor survey were then combined for analysis. The results are based upon the 
demographics represented in the survey responses. The sample and sample sizes for each 
of these independent surveys are different, but are statistically significant. The 
demographics demonstrated that some industries, functional areas, and geographic regions 
could be studied more extensively to draw further conclusions.
Some limitations in this NPD risk mitigation framework can be observed. The 
relevant literature considered for the framework was focused on the high-ranked CSFs 
from prior research (Ewing and Cudney, 2020b) and associated demographics of the 
worldwide multi-industry survey. In addition, the NPD framework results were not 
validated and can be an opportunity for future research.
2.2. RECOMMENDATIONS AND FUTURE WORK
The recommendations from this research are related to the future work in NPD 
research. The NPD risk mitigation framework results were not validated. A case study can 
be used to validate the framework by implementing the framework and its associated 
methods and tools in multiple companies, industries, functional areas, and geographic
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regions. This case study can be used to further refine the framework and understand the 
challenges in adoption of the methods and tools. For any process, change transformation 
and adoption by the organization can be challenging. These challenges can provide 
additional areas for future research to study refinements to the framework that can help 
enable seamless adoption across multiple company types, industries, functional areas, and 
geographic regions.
In implementing the case study, it is recommended to follow a PDCA (Plan-Do- 
Check-Act) cycle with senior leadership engagement throughout. In planning the 
improvement a gap analysis of the current NPD process will identify the opportunities for 
improvement versus the NPD risk mitigation framework from this research. Once the 
improvement items are identified, a revised NPD process that meets the framework 
considerations can be drafted along with a transformation plan including an 
implementation plan, an organizational communication plan, and a training plan. A 
realistic implementation plan might involve executing the improved NPD process in a pilot 
project to evaluate the effectiveness. At the end of the planning phase it is important to 
communicate the plan with senior leadership and gain alignment on the overall approach. 
Once senior leadership has approved the plan, the NPD improvement and transformation 
plan should be communicated to the impacted members of the organization. The NPD 
improvement plan should then be implemented, evaluated, and further improved based on 
the lessons learned through the execution of the improved NPD process. In this way the 
robustness of the NPD framework can be validated and further strengthened so that future
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NPD projects can better navigate the challenges and complexities in NPD, better realize 
products that deliver superior quality and performance to the customer, and better achieve 
success in the marketplace.
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